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Preface

The computer code presented in this report is called a

code for system survivability analysis. It is designed to

serve as a tool for engineering studies of system survival

rather than operations analysis, though the latter interest

may be Zerved as well.

The following analogy is given to define and clarify

the term "survivability code" as used in this report. As

the human body is vulnerable in varying degrees to many

diseases, so is the aerospace system vulnerable in varying

degrees to each of the nuclear effects. The survival of the

body is dependent partially on the intensity of exposure to

disease. Exposure levels are often related to the environment.

Similarly, survival of systems to the threat of nuclear

effects depends on the system vulnerability and on the threat

level. This code evaluates a rather special case of surviv-

ability in which the survival determination is based on a

sure-kill vulnerability level and the computed threat level.

I hope that this program will help to emphasize the

individuality of each of the nuclear effects and the variation

in the relative importance of each, depending on the burst

and receiver positions.

I wish to thank Captain George Kuch and Mr. Alfred Sharp

of the Air Force Weapons Laboratory at Kirtland AFB for their

assistance in providing information on the thermal and blast
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effects. The guidance and suggestions of my thesis advisor,

Dr. Charles J. Bridgman, are also gratefully acknowledged.

Robert G. DeRaad
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Abstract

A computer code has been written to determine aerospace

system survivability to selected nuclear effects. A speciil

case of survivability is treated in which system survival is

based on a comparison of the sure-kill vulnerability level

and the computed free field nuclear effects levels. The

code consists of two functional parts. One part is the

guiding program which conducts the survivability study; the

other part consists of individual subroutines which evaluate

free field nuclear environment levels. Subroutines have

bmen included to evaluate the blast and thermal environments.

At a later date, sub-, -. rtines will be added to evaluate the

effects levels fi., ;-ray, gamma ray, neutrons, and EMP. The

present code 4s capable of handling from one to ten nuclear

bursts and up to 100 similar vehicles in a single program

run. Any type of system may be treated for which the effects

vulnerability levels are known. The code has been written in

the FORTRAN EXTENDED language for a CDC 6600 computer with a

,cope 3.3 compiler. Central core memory required is approxi-

mately 40,000 octal words and run times are on the order of

seconds. A sample problem has been included to illustrate

the type of study that may be perfvrmed and to demonstrate

the wse of the program.

4
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CSSANE

A CODE FOR SYSTEM SURVIVABILITY

ANALYSIS - NUCLEAR EFFECTS

I. Introduction

The effects of a nuclear environment on aerospace

systems is an important factor in systems analysis. The

system, the threat, and the flight regime all enter into the

analysis. Nuclear weapon;s are of special interest because

of the variety of effects that pose a threat. Additionally,

the relative importance of each threat varies with the burst

altitude and the flight regime.

The objective of this study was to develop a computer

code to evaluate the survivability of systems in a nuclear

environment. There are existing codes that include surviv-

ability analysis as part of an operations analysis investiga-

tion and there are codes that evaluate the free field nuclear

effect3 levels without regard to system survivability. This

code conducts a "special case" survivability analysis for

systems which are undergoing a specified nuclear attack.

The code evaluates levels of selected nuclear effects and

evaluates system survival based on a comparison of those

levels to sure-kill vulnerability levels which are specified

by the user. Information furnixshed by the code includes the

relative level of the various effects in addition to surviv-

ability.
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The computer program consists of a routine named GUIDE

"- which accepts data input and conducts the study, and a set of

subroutines that computes effects levels and evaluates the

survival of systems. Initially, subroitines have been

includei to evaluate both blast and tLermal environnunts.

This type of organization was chosen so that the program

could be easily expanded to include subroutines for x-ray,

gamma ray, neutrons, and EMP.

Chapter II of this report describes the computer program

in detail. The description includes capabilities, limita-

tions, and options available to the user. Chapter III

describes the treatment of blast effects, the subroutine

for blast computations, and the capabilities of the sub-

routine. Similar information concerning thermal effects is

presented in Chapter IV. Chapter V presents the results and

conclusions including re,iommendations. A statistical model

for obtaining a normally distributed variable for targeting

purposes is presented in Appendix A. Appendix B includes

a list of major program variables along with definitions

and the location wherp each variable appears first in the

code. Appendix C contains detailed instructions for making

the required data input. Appendix D is a source listing of

the complete code and Appendix E presents the input and

output of a sample problem.
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II. The Survivability Analysis Code

A study of system survivability to nuclear effects is

a function of the system, the threat, and the flight regime.

A survivability analysis requires a knowledge of the vulnera-

bility of a system and of the threat level. Vulnerability

has been defined as the level of a specified effect that will

cause a finite degradation in the capability of a system to

perform its mission. Survivability is defined as the

capability of a system to accomplish a specified mission

while withstanding the effects of a nuclear environment.

For the purposes of this study, system survivability is based

on a comparison of the computed threat levels to specified

"sure-kill" vulnerability levels.

A description of the code that was developed to perform

the survivability study is presented in this chapter. In

addition to the description, the capabilities, limitations,

options, data input, and the output of the code are discussed.

Description of the Computer Program

The code is named CSSANE, "A Code for •

Survivability Analysis - Nuclear Effects". It has 1,een

developed to provide a simple and easy-to-use method for

determining survivability of systems in a well defined nuclear

threat situation. This determination is based on sure-kill

vulnerability levels which are specified by the user for each

nuclear effect threat under consideration. The free field

nuclear effect environments are calculated in subroutines and



1:1:zipp:•isons are then made to the specified vulnerability

ii'eJs. This comparison results in a kill, no-kill decision.

This type of an analysis does not lend itself to operations

srialysis but is rather intended as aa aid in engineering

studies of system survivability.

The code consists of two functional parts. The main

;rograrn, GUIDE, controls or directs the survivability study

a11 is one part. The second part of the program consists of

a set of individual subroutines which evaluate each nuclear

t:reat level.

Data required by the code are entered in program GUIDE.

ThLs includes the yield and the time of burst for one or more

nu,:lear detonations; the position in space and the velocity

ve,:tors for one or more similar vehicles; and the vulnera-

b:L:tity levels of those vehicles to each of the nuclear

effects which are to be studied.

The burst locations, the incremental time to each

succeeding burst, the time-updated vehicle positions and

velocities, the vulnerabilities, and the slant ranges from

burst to vehicle position are mrtntained in GUIDE. In addi-

tion, the subroutines which evaluate the effects levels are

called from GUIDE.

Perhaps the best way to demonstrate the intended use of

the program and its capabilities is to illustrate a typical

aerospace system - nuclear weapon encounter. A sketch which

describes the physical situation and most of the input

, z parameters that are required is included as Fig. 1.
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Fig. 1. System-Nuclear Weapo~i Encounter.



Figure I describes a situation in which four similar

vehicles with common vulnerability numbers are subjected to

two separate nuclear bursts. Each of the vehicles has been

assigned initial x, y, z coordinates in an arbitrary, sea

level reference and velocity components at time T 0 0. The

ground level and the maximum altitude of a uniform haze layer

over the earth must be specified. Both of these values may

be zero. A visibility factor in miles must be specified for

the haze cover.

The nuclear threat is provided by two bursts, the first

of which is intended to simulate an indirect attack; the

second, to simulate a direct attack on vehicle number one.

The indirect attack consists of a larle yield weapon which

is detonated at time T - 0 and at position x, y, z as speci-

fied by the user. The direct attack (burst number two) is

specified by yield and time. Its position is automatically

determined, based on the target point which is the updated

vehicle position, and a spherical probable error which must

be specifie~d for a given weapon delivery system.

The program is cycled through its evaluation procedures

for each burst. In this cycle, the vehicle positions are

updated to the time of each burst, the nuclear effects levels

of interest are computed for each vehicle, and the survival

determination is made on each vehicle. A record is kept of

the surviving vehicles and printouts are made for each burst,

noting the vehicles which have been destroyed, the nuclear

effect responsible, and the levels of threats encountered by

6
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each vehicle. Once a vehicle has been designated as

destroyed, it is removed from the program and no further

calculations are performed on it.

Program Options

There are five options in this code and they are speci-

fied by data input to GUIDE. The most important option

determines which effects are to be considered in the sur-

vivability analysis. The option for evaluation of any effect

is chosen by entering a positive value for the vulncrability

level of that effect. The other four optioDs allow a choice

of a nonstandard atmosphere, a zhoice of method of burst

placement, a choice of the type of output, and a choi.e of

employing reactive turning (dodging the burst). The method

"for choosing these options is described in Appendix C,

"Details of Data Entry".

The ARDC standard atmosphere may be modified by speci-

fying the temperatures at sea level, burst height, receiver

height, and the terrain level. Burst placement may be

specified by the user through data input, or may be obtained

from subroutine TARGET. Output may consist of a listing of

all values of each effect parameter at each vehicle plus the

survivability result, or it may be reduced to just the sur-

vivability result.

Capabilities

Tte code is capable of handling from one to ten nuclear

b%!rsts if they are placed automatically by subroutine TARGET.
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Any number of bursts may be entered if the burst positions

arc specified by the user. There is no restriction on mixing

the mode of :urst placement except that the number of bursts

placed automatically cannot exceed ten for any given program

run. Each burst may vary in yield and may be entered with

any time increment desired. The bursts are entered in time

sequence and each burst is treated separately even if two

bursts are entered at coincident times.

Any uumber from 1 to 100 vehicles can be entered for a

single program run. They may be traveling in different

directions, at different altitudes, and at different speeds.

As a result, it is possible to evaluate systems that are

operating in unrelated flight regimes without rerunning the

"program. Any type of system, whether in the air or station-

ary on tha ground, may be treated provided its vulnerability

is known.

There is a capability to simulate the direct attack by

calling subroutine TARGET which places the burst in a normal

distribution about the target point. This type of placement

allows for a miargin of error inherent in the guidance system

of the weapon delivery vehicle. That error is gonerally

described as the spherical probable error, spe. The spe is

the radius of a sphere about the target point which should

contain approximately SO% of the burst positions. The target

point is always chosen as the first filled slot in the

vehicle array.
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A statistical approximation often used in weapon simula-

tion work is used to obtain the normally distributed x, y, z

set of coordinate points. These coordinates then represent

the burst position. A developmrent of the approximation is

given in Appendix A.

If the burst position is entered as input, it is possi-

ble to change the velocity vectors of one or all of the

vehicles at the time of burst detonation. A change of -the

§ velocity vectors away from the burst point can roughly simu-

late reactive turning. Also, for each burst, to eliminate

unnecessary calculations each vehicle is tested for inter-

cept with the fireball and for intercept with the ground.

Vehicles found in these situations are annotated as destroyed

and are removed from the program.

Subroutines have been included to evaluate survival to

blast and thermal effects. Subroutine BLASTi makes survival

tests based on dynamic pressure and overpressure levels;

subroutine THERM investigates survival to thermal fluence

levels.

Limitations

There are some limitations that exist because of input

data that cannot be changed once it is entered. The vulnera-

bilities are not variable within a run, and only those

effects are evaluated for which a vulnerability level is

specified. Consequently, it is not possible to vary the

effects which will be evaluated during a given run. A single



v.ilnerability for each effect also means that only one type

of .,ehicle can be treated per run. In addition, it is not

easy tv, alter the flight regime of a vehicle since its

heading, speed, and position are non-variable input. (The

reactive turning capability excepted.)

The flight regime may restrict the use of certain

effects subroutines, primarily because of maximum altitude

limitations on some of the calculations. The capabilities

and restrictions of the effects subroutines are given in

Chapters III and IV. Also, the order in which the different

effects are evaluated is determined by the program, not by

the input.

Data

Data Input. All input values that are required are

entered into the program GUIDE. There are a total of ten

input statements. The first six are executed once for each

run. The last four are executed once for each burst in a

run.

The following is a word description of the content of

each of the first six input statements:

1. This "read" enters the visibility, the water vapor

pressure, the albedo (ground surface reflectance),

and altitude of the haze l&yer (one input card

required).

2. Enters the number of vehicles and the number of

bursts to be studied (one input card required).

10
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S. Enters the values a3sociated with choice of a non-

standard atmosphere (one input card required).

4. Sequentially enters the values for coordinate

positions and velocities of each vehicle (one input

card required for each vehicle originally entered).

S. Enters the list of integers that are used to pre-

cycle the random number generator required foi

targeting (one card required).

6. Enters the vulnerability levels for survivability

determinations (one card required).

Data that must be entered repeatedly for each burst is

described below:

.. This input statement enters -he incremental time of

burst, weapon yield, burst height above ground, and

integers for the options of burst placement, data

output, and change of velocity vectors (one card

required).

2. Enters the coordinate points of burst (one card

required).

3. Enters new values of velocity vectors (one card

required for each vehicle originally entered).

4. Eaters the value of spherical probable error (one

card required).

Note: Specific instructions for data entry are given in

Appendix C.

Data Output. Hollerith statements are used to supple-

ment and clarify the output data. The data that is input is
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listed and identified again in the output. The vehicle

positions and velocities at the time of each burst are

listed. In addition, for each burst, the method of place-

ment and the burst position are given.

Results of the survivability tests are printed sepa-

rately for each burst. For those vehicles that are destroyed,

the effect, the level of the effect, and the vulnerability

level are all given in a removal statement. Removal state-

ments are aiso printed for the fireball and the ground

intercept cases.

Summary

The computer code consists of two parts. The program

GUIDE accepts data and directs the survivability study; the

subroutines compute effects levels and make survival analyses.

This organization was chosen so that additional subroutines

for other effects could be added with a minimum of el',,T'tnge.

Subroutines for evaluation of blast and thermal affects

are included. Survivability to dynamic pressure and to

overpressure levels is tested by subroutine BLAST1; surviva-

bility to thermal fluence levels is tested in subroutine

THERM. The program allows a choice of the effects to be

evaluated, method of burst placement, and type of data

output. There i; also a capability to specify a nonst:,nd'1rd

atmosphere and to simulate reactive turning.

A full description of the data and the format for .%ts

entry are given in Appendix C. Cpoabilities and restric:ions
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If
for each of the effects subroutines are given in the

, chapters written for each subroutine. The subroutine and

the methods for calculation of blast effects are presented

Sin Chapter III. Chapter IV contains similar information for

thermal effects.

W,+

4 . 4
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III. Computation of Blast Environments

Blast Phenomenon

Biast phenomenon can be computed using analytic or

empirical methods. There are analytic hydrodynamic codes

that yield extremely accurate shock parameter values, but

at the expense of lengthy computer runs. Empirical methods,

on the other hand, scale the data of a standard explosion to

obtain shock values for other specified bursts. One such

method for predicting shock phenomenon is the Sachs scaling

technique. The blast effects information presented here is

based on Sachs scaling and was taken directly from

AFWL-TR-70-85 (Ref 7). The report includes a code named

SABER which evaltiates blast parameters. The BLAST1 sub-

routine of CSSANE borrows the methods of SABER to find blast

effects levels for given receiver positions and slant ranges.

A capability for receiver motion was added to allow applica-

tion to aircraft in flight. The calcu'•atious of shock

parameters include methods to account for an inhomogeneous

atmosphere, reflection from the eartit (fused shock region),

and a blast efficiency factor.

Sachs Scaling

The Sachs equations for scaling have been developed in

Ref 7, pp. 2-12. A summary of these equations is given below.

Overpressure (AP) psi

(AP)T (AP) ( Pa)
am
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Range (R) ft

R T 1/3 1/3am2)

m aT

Time of Shock Arrival (ta) sec

E 1/3 p 1/3 T 1/2

t~ ~~ ( T) 3aT am (F.] P aT TaT

Time of Positive Phrase Du'ration (t pp) sec

SET 1/3 P /3 1/2

ppT PaT aT

Gust Velocity (U) ft/sec

UT= Um(--) (5)
am

Density, Shocked Air (ps) slugs/ft3

sp
0sT = Ps a--m N (6)

Smý PaT

where the subscript T applies to the explosion under investi-

gation; the subscript m applies to the I KT model, and

P ambient pressure (psi)
a

E s energy of explosion (KT)

T r. ambient temnerature ("R)

C a ambient speed rf souind (ft/sec)

Pa ambient density (slugs/ft 3 )
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Effects of a Nonhomogeneous Atmosphere

The Sachs scaling equations are satisfactory for the

coaltitude burst and receiver. However, the nonhomogeneous

atmosphere prevents a direct application in the noncoaltitude

case. That case may be handled by applying the Ledsham-Pike

alpha correction (Ref 7, 12-14) to overpressure calculations

and a modified Sachs scaling to the other shock parameters.

The alpha correction method was used to find overpressure

values because of its accuracy and because the overpressure

is a value that is subsequently used to compute other shock

parameters. The remaining parameters are found by the modi-

fied Sachs scaling method which assumes the blast wave is

propagating from the burst to the receiver under ambient

conditions of the altitude of the receiver. Test explosions

have verified a correlation of measured effects values to

those obtained by use of the alpha and modified scaling

methods.

In zhe alpha correction method, the overpressure at the

receiver is obtained by multiplying the overpressure at the

burst altituJe by the alpha correction factor.

LPR = A t (L~ P (A pR

V This factor is the ratio of the pressure at the receiver

eltitude to pressure at the burst altitude raised to the

power alpha. The exponent, alpha, is derived from empirical

data and theoretical calculations and is a function of the
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scaled range, burst to receiver (see Fig. 2).

The modified scaling equations for the noncoaltitude

case are presented here in Eqs (8) through (14) (Ref 7,

22-26).

Time of Shock Arrival (t)aT sec

t

taT ami 1/3 (8)
Cz(P z/ET)

where

ta = time of shock arrival for model (sec)

ET = energy yield of burst (KT)

P
p -_! (9)

z PSL

C
- z

z CSL

P ambient pressure at receiver (psi)

PSL ambient pressure at sea level (psi)

C = ambient speed of sound at receiver (ft/sec)z

C SL = ambient speed of sound at sea level (ft/sec)

Note: If the receiver is in the fused shock region (Mach

stem) the energy term ET must include the amolifica-

tion factor F (see section on reflected shock rein-r

forcement p. 19).

The Rankine-Hugoniot relations between density - particle

velocity, particle velocity - speed of sound, and dynamic

17
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pressure - particle velocity along with modified scaling

give the following (Ref 7, 24-26):

Shock Front Velocity (C s) ft/sec

6AP 1/2
C=s C z( 1+ 7PCs z 7-- - (11)

z

where APz = peak overpressure at receiver

3
Density Behind the Shock (p s) slugs/ft

7 + 6APz/P

Ps 0 Z( 7 + AP /P ) (12)

where Pz = ambient atmospheric density at receiver

Peak Particle Velocity (U p) ft/sec

AP 6AP -1/2

Up =7 C z 7P) 1 (13)
z z

Dynamic Pressure (q) psi

S AP 2

2 7P + AP (14)

Region of Reflected Shock Reinforcement

Shock phenomenon for bursts near the ground is compli-

carted by the reflection of the shock frorit off the ground

into the region of previously shocked air. The reflected

-, 4hock, traveling more rapidly in the heated air, overtakes

:12



GNE/PH/72-3

the basic shock front and fuses with it to form a reinforced

shock region called the Mach stem. The triple-point path,

originating at a point on the earth some radial distance

from ground zero, describes a boundary below which there

exists a region of shock reinforcement.

A yield amplification factor, Fr, has been determined

from experimentation for both the region near the triple-

point path and for the region considered far within the Mach

stem. For points near the path, the yield multiplying factor,

F, is given in Fig. 3 as a function of scaled altitude ofr

burst (Kft/(Kl 1/3). The multiplying factor for far geometries,

i.e., points which are at scaled ranges greater than

100 ft/PI~/ 3 from the triple point path, is given by

F = 2.33 - 0.025 R (15)

a function of the scaled range (R s) in Kft/(K'I9/ 3 (Ref 7, 64).

Positive Phase Durations

The times of positive phase duration for overpressure,

material velocity, and overdensity have also been developed

from scaling methods (Ref 7, 26-31). Empirical relations

have been derived for the positive duration of overpressure

[(AP) ]t, the ratio of scaled positive duration of material

velocity to scaled duration of overpressure [G /(AP)tI , and
t t m

the ratio of scaled positive duration of overdensity to

scaled duration of overpressure [(Ap)t/(AP)t]m. These

empirical relations in conjunction with the general equation

for positive phase durations, Eq (4), yield the following:

;
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Fig. 3. Yield Amplification (Reflection) Factor versus
Scaled Burst Height (Ref 7, 63).
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Positive Duration of Overpressure (sec)

[CAP)t ]m
(AP)t 1/T (16)

Positive Duration of Material Velocity (sec)

[Gt/(AP) ]m [(AP)tmG tmC 17)G t (T /E T)1/3

V Positive Duration of OverdensiL (sec)

(AP) = [(AP)t/(AP)t]m [•AP)t]M (18)
C = (z Cz/ET)I/ 3

Blast Efficiency Factor

Scaling methods are very seful tools for finding blast

effects levels but there are limitations to be considered.

The blast phenomenon is hydrodynamic in nature and therefore

the methods presented here are not useful for very early

times when the dominant mode of energy transport is radiation.

Also, at higher altitudes there is not a clear separation of

the shock front from the radiation phase before much of the

energy is dissipated. A blast efficiency factor (Fig. 4)

was developed from data obtained by runs of the SPUTTER

hydrodynamic code at AFWL, Kirtland AFB, New Mexico (Ref 7,

31-32). The blast efficiency factor, when applied to the

burst yield, can extend accurate blast calculations from

60,000 to 150,000 ft.
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Fig, 4. Blast Efficiency as a Function of Burst
Altitude (Ref 7, 33).
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Subroutine for Blast Effects

Subroutine BLAST1. The subroutine for calculation of

blast parameters and for evaluation of system survivability

to blast effects is BLAST1. This subroutine is called by

the program GUIDE and returns to GUIDE a record of those

vehicles that have been destroyed by blast effects. Shoc!

parameters at the point of vehicle and shock intercept are

computed by the methods presented earlier in this chapter.

Survival of each vehicle is based on the vulnerability

criteria of dynamic pressure and/or overpressure.

Parameters Computed. The results of the blast computa-

tion for each burst are printed from the BLAST1 routine.

All vehicle losses are listed under "Results of Blast Effects

Computations." The lethal level and the type of pressure

responsible for each vehicle loss is also printed. The

follnwing is also printed, out if the option for data is

specified:

Height of receiver at shock intercept (ft)

Slant range at shock intercept (ft)

Time of shock arrival (sec)

Shock front velocity (ft/sec)

Peak dynamic pressure (psi)

Peak overpressure (psi)

Peak material velocity (ft/sec)

Peak overdensity (slugs/ft )

Positive duration of overdensity (sec)
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Positive duration of overpressure (sec)

Positive duration of material velocity (sec)

Sub-Programs Called by BLAST1. Sub-programs TRIPNT,

ATMOS, SETUP, MACURE, and MOTION are called from the routine

BLASTI. Subroutine TRIPNT establishes the fused shock region

for bursts near the surface of the earth. TRIPNT also

determines a yield amplification factor for vehicles in the

fused shock region. The ATMOS subroutine provides needed

atmospheric data from the ARDC standard atmosphere. SETUP

and MACURE are table lookup routines that are capable if

interpolation and extrapolation from tables of data. The

tables of data are stored in the BLOCK DATA section. The

programs TRIPNT, ATMOS, SETUP, and MACURE were a part of the

SABER code and are described in AFWL-TR-70-85, (Ref 7).

Sub-program MOTION is called from BLASTI to find the

point of vehicle, shock front intercept. Since the shock

front moves outward at speeds near the speed of sound, the

change in vehicle position during shock front propagation is

important.

The model for finding the intercept point by vector

methods is presented below. Initially, the scaling laws are

used to establish the shock front velocity based on the

vehicle position at the burst time. The shock and vehicle

positions after a time increment AT will establish a closing

rate

CR A-- (19)• AT
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where

CR = closing rate

AS = change in separation distance, (shock to receiver)

AT = time increment

A predicted time increment, ATp, for intercept is then

given by

AT = SD (20)
P CR

where

SD = separation distance

The intercept point and the shock parameters are finally

obtained through an iterative process involving the predicted

time increment. The no-intercept case will be indicated by

increasing separation distances with each i.e increment.

Limitations on Blast Calculations. The data base from

which blast parameters are calculated is the free-air, sea-

level, 1-KT test model. The range of altitudes which can

be spanned by scaling techniques is limited. The application

of a blast efficiency factor extends the range of accurate

calculation from 60,000 ft. to approximately 150,000 ft.

The program can calculate results up to 250,000 ft. but no

verification is available. Calculations made in the fused

shock region are based on a flat reflecting surface and

variations from this case may have indeterminate effects on

the actual overpressure values. Also, it is important to

realize in evaluating results that the scaling techniques do

not hold for regions in and on the boundary of the firebali,
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This is true because the scaling techniques are not applicable

in regions where radiation is the primary means of energy

transport (Ref 7, 31).

Accuracy of Blast Calculations. Subroutine BLAST1

computes blast parameters using the same techniques that are

used in the SABER code. The calculated results will be the

same for the two programs. A correlation between SABER

results and the SAP hydrodynamic code has been made (Ref 7,

42-46). The results of that correlation are presented in

Figs S, 6, and 7. The first two figures are for the coalti-

tude case and the last figure is non-coaltitude for verifica-

tion of the correction for the nonhomogeneous atmosphere. An

additional correlation of SABER results to measured values

from actual tests is presented in the appendix of Ref 7. The

close correlation of SABER results to the extremely accurate

hydrodynamic calculations indicates that the scaling techniques

which are employed are adequate to represent the blast

phenomenon.

Summary

The methods of blast effects computations were drawn

from AFWL-TP-70-8S (Ref 7). The approach includes an

accounting for inhomogeneous atmosphere, fused shock region,

4 blast efficiency, and receiver motion. Scaling techniques

and empirical data fcrm the basis for all the blast parameter

calculations.
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Fig. 5. Comparison of SABER and SAP Results for 300 KT
at 65,000 feet (Ref 7, 43).
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Fig. 6. Comparison of SABER and SAP Results for 300 KT
at 131,240 feet.
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A subroutine named BLASTI was developed to make the

/ J effects calculations and to perform the system survivability

analysis. Survivability is based on the threat levels and

vu)norabilities to peak overpressure and peak dynamic

pressure. The subroutine is capable of evaluating blast

effects up to 250,000 ft.
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IV. Computation of Thermal Environments

Thermal Phenomenon

The investigation of thermal effects of nuclear weapons

on systems depends on three basic factors. They are the

source of thermal energy, the transmission of that energy

through a medium, and the absorptivity of - receiver in that

medium. The scope of this study is limited to the considera-

tion of the first two factors.

Analysis of the thermai environment is at best an

approximate effort. This is so because of the variability

from day to day and hour to hour of atmospheric properties

which affect the energy tran'port. Consequently, there is

no single approach that -an account for all the factors and

geophysical conditions. Simplified mcdel environments have

been developed from which resilts should be carefully

evaluated. The method presented in this report is such a

model.

The first topic treated here describes the detexrmination

of the thermal yield. The remaining paragraphs doscribe the

methods used to determine thermal fluance levels depending

on the location o-" both the burst and the receiver. A method

is presented to determine th'ermal levels of both reflected

and dircect energy for burst altitudes less than 30 kft. with

receivers below 100 kft. There is no change in the approach

for bursts between 30 aud S0 kft. except that reflected

energy is negligible in this region. Procedures and relations
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have been included which are applicable to the case of a

-) ~burst above 50 kft. with the receiver below SO kft. Finally,

the case for both burst and receiver above 50 kft. is treated.

Thermal Yield

The thermal yield is a function of the altitude of burst

and the total yield of the weapon. In general, the thermal

yield is a fraction of the total yield and this fraction

"rises with Licreasing altit-de and then drops to nearly zero

around 350 kft. (106 km). The low and intermediate altitude

burst (< 100 kft.) is characterized by two distinct thermal

pulses, the second of which contains the bulk of the thermal

energy. At higher altitudes the first and second pulse

combine to form a single pulse of very high intensity and

short duration.

Data from the SPUTTER AFWL weapons effects code has

provided the thermal efficiencies for a range of burst yields

and altitudes. An empirical relation, a function of altitude

alone, has been obtained from the collapsed SPLITTER data and

is plotted in Fig. 8. Relations for thermal efficiency and

thermal yield were furnished from unpublished information,

courtesy of Mr. A. Sharp of AFWL, Kirtland AFB, New Mexico.

The thermal efficiency, T, is given by

T m e (-.3579 - .008H + 7.136 x 104 H 2 )2.30 X

e(-1. 2 5 x 10-5H3 + 6.42 x 10 8H4)2.30 (21)
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where

H = height of burst (Km)

The thermal yield (air burst) is given by

Wth = TW. 9 4  (22)

where

W = total yield in KT

The thermal yield (ground burst) is

W = 3SW1 ".03 (23)

The time of the second thermal peak (maximum power

output) is taken as the time at which all the thermal energy

is released. An empirical relation for that time is given

by (Ref 2, 175)

T(sec) = .0491(Wn). 4 2  (24)

where

n = ratio of air density at burst altitude to that at

sea level

Atmospheric Transmission (Burst < SO kft.)

A model for transmission of thermal radiation in the

atmosphere has been developed in Ref 3. That model is

presented below and is followed exclusively for thermal

calculations except as noted by individual references.

Six basic assumptions are:

1. The fireball of an air burst is essentially spherical

and is treAted as a point source black body radiator
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at 6000 degrees Rankine. The fireball for the

surface burst is treated as a hemispherical

Lambert-type emitter of uniform temperature. The

black body temperature is taken as 3000 degrees

Rankine.

2. The transmission of visible energy is evaluated

for a collimated beam of energy. This assumption

is oade for the purpose of describing the geometric

palh of reflected energy and to allow application

of Lambert's Law.

3. The visible energy is zssumed to pass through a non-

absorbing but scattering media.

4. Attenuation of infrared energy:, is assumed to be the

result of absorption by the watcr vapor in the

atmosphere.

S. The terrain surface s t'tken ls t• Lambert plane,

infinite and flat.

6. The albedo, or surface iflection factor, is known

and is the sam,• for all frequoncies of the reflected

energy (see Table I on tie next page).

An application of Lambert's Law was made to yield an

analytic expression for the zeflected thermal energy.

Lambert's Law expresses the intensity of reflected radiant

energy as a furction of the angle from which it is viewed

(Ref 1. 111-112). The surface of reflection is taken as a

black body radietor aud as a perfectly scattering surface.
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Table I

Values of Albedo for Earth Surfaces

Surface Reflectance (per cent)

Desert 24-28

Fields (Various Types) 3-40

Forest (Green) 3-20

Grass (Various Conditions) 14-47

Ground (Bare) 7-30

Snow 65-89

Water (Average) 10

Rough Water (White Caps) 10-31

Shock-Frothed Water 40-80

Sand (Dry) 18-28

Sand (Wet) 9-19

(Ref 3, 54)

Reflected Radiation (Air Burst). The thermal fluence of

an air burst reflected to a plane horizontal receiver from an

infinite Lambert plane is given by

W

(..R T tp[y(H Ro xRl (25)

where

2
S= reflected thermal fluence (cal/cm2)

S = slant range, ground zero to receiver (cm)
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T = atmospheric transmission fraction
t

p = albedo

Y(HRo,XRo)= gamma function for air burst, (a function

of scaled height of the receiver and the

scaled x-coordinate range of burst to

receiver)

The gamma function has been evaluated by numerical techniques

for a range of values of HRe and X Ro Both HRo and XRo are

scaled by the height of the burst above the ground level.

The gamma function described above is not to be confused with

the well known y function of mathematics.

Reflected Radiation (Ground Burst). The thermal fluence

of a ground burst reflected to a plane horizontal receiver

from an infinite Lambert plane has been developed in Ref 4

and is given by

R ( Wth) TtP[Y(3o10)] (26)

where

Y(So, = gamma function for ground burst, (a function

of the scaled slant range and the angle f).

The gamma function has been evaluated numerically for ranges

of the two variables S0 and 0 (Ref 4, 288). The slant range,

S, is scaled to the' radius of the fireball and ý is the angle

between the vertical at the receiver and the slant range to

ground zero. The thermal fluence obtained for both the air

and the surface burst is that for normal incidence on a plane

S~38
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horizontal receiver. Equations (25) and (26) are applicable

i•) for burst heights up to and including 30 kft.

Direct Radiation. The thermal fluence directly incident

on a plane horizontal receiver is attenuated both by radial

divergence and by the transmissivity of the intervening

atmosphere. The incident thermal fluence (cal/cm ) for an

air burst is given by

QD th 2 (TD) (27)
4O (SR)

where

TD = direct thermal energy transmittance

SR = slant range, burst to receiver (cm)

Wth = thermal yield (KT)

The incident thermal fluence (cal/cm 2) from a surface burst

is given by

"QD th (TD) (28)
2w7(SR)

The normally incident fluence may be found by multiplying

equations (27) and (28) by the appropriate trigonometric

relations.

Transmissivity Fractions. Thermal fluence for bursts

below 50 kft. is composed primarily of visible and infrared

energy. Transmission of the two energy types is treated

separately since the visible energy is primarily subject to

scattering and the infrared energy is primarily subject to
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absorption by water vapor. Both forms of radiation are

affected by the amount of haze, describei as a visibility

factor, that is present in the environment.

The following equations give the transmissivity func-

tions for visible light in air free of haze including both

coaltitude and non-coaltitude cases (Ref 4, 28-29).

cos = SR ) (29)

Z Zs r
-5 -5

-4.57 x 10 (Z) -4.57 x 10 (Z
0875 (Z re) 1:: e:~e~l 6 S~ 4 5  (30)

r

Z =Z

[-4 x 10'6 (SR)e- 4.57 x 10- (ZS)]
T r (31)

r

where

T = transmissivity factor (visible)
r

Z = height of receiverr

Z = height of source

The transmissivity factors for visible light in air with

haze present are given by

s r
-5 s

-16.4 [e-4.57 x 10 (ZS) e- 4. 5 7 x 10 (Z r)
V Cos ~rTh z e (32)
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Z =Z
S r

-7.5 x 10 -4(SR) (e-4.57 x 10 '(Z r)
Th = e (33)

where

Th = transmissivity factor for visible (with haze)

V = visibility at sea level (miles)

The transmissivity factor for infrared energy is

dependent on the amount of water vapor present (given in

precipitable millimeters of water along the transmission

path). The water vapor present in the path is given by

z #z
s r

2.3 P -6.1 x 10) (Zs) -6.1 x 10- (Z )w = 11s0[O -1 rO (34)

Z = Z
s r

w = 3.23 x 10 P )(SR)[00 (35)

where

w = precipitable millimeters of water

P u water vapor pressure at sea level (mmHg)
0

Finally the total transmissivity, Tt. is given by

T = F T T + F (7 .3T (36)
t v R h ir w + 3 h)(6
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where

Fv u fraction of thermal fluence in visible region

Fr = fraction in infrared region

T infrared transmission factor
w

The fractions of visible and infrared energies are functions

of the black body temperature. The energy is split evenly

between visible and infrared for the 6000 degree air burst.

For the ground burst at 3000 degrees, F = .1 and F. = .9V ir

(Ref 3, 35).

The infrared transmission factor is given as a function

of the precipitable water vapor in the transmission path.

Curves for both the air and the ground burst are given in

Fig. 9.

Combinations of the basic equations presented in this

section will allow transmission fractions to be compiled

for reflected energy and for situations where there is a

haze layer from ground level up to a specified altitude.

The interested reader is referred to Ref 3, pp. 56-60.

The HighAltitude Burst

Transmission of thermal fluence from a burst above

50 kft. to a receiver below 50 kft. has been developed by a

separate approach. The ultraviolet fraction of the thermal

energy is a significant portion of the thermal energy for

bursts in this region. The thermal fluence incident on a

plane horizontal receiver is given by
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Wth - .31 x 10- 4 (R) ,
~- "/2Fuv e +

(zs - zr)

I
S- -1. 3 1  x 10 (R) 2I(I- F 7)e)

where

S~ (Zs -Z)si = SR Z (38)

F = fraction of ultraviolet energy

and for Zr < 28,000 ft. the reduced range, R, is

316 -3.15 x 10 (Zr)
sLn [e -. 414] +

9987 -4.55 x 105 (Z - 28,000)
[1 - e (39)

and for 28,000 < Z < 50,000! r

9987 -4.55 X 10 (Z - 28,000)
R = [1 -e ] (40)

sin *

The High Altitude Burst and Receiver

The thermal transmission factor is essentially unity

when both the burst and receiver are above 50 kft. Radial

divergence is the only attenuation present in this region.

The therm2l fluence in cal/cm 2 is given by
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Wth
Q2 (41)

47r(SR)

Subroutine for Thermal Effects

Subroutine THERM. The subroutine for calculation of

thermal effects and survivability to those effects is called

THERM. This subroutine is called by the program GUIDE and

returns to GUIDE a record of those vehicles that have been

destroyed. T1armal energy levels are computed at each

vehicle position. Survival of each vehicle is based on a

comparison of the vulnerability level and the free field

thermal energy level.

Reflected energy from the surface of the earth may be

significant under certain conditions. A survivability test

is also performed based on the sum of the reflected and the

direct energy normal to a plane horizontal receiver. This

test is made only when the reflected and direct energy is

additive, i.e., for a burst below the receiver.

Parameters Compute_. The results of the thermal

computations for each burst are printed from the THERM

routine. All vehicle losses are listed in the output under,

"Results from Thermal Effects Computations". The lethal

level is also included as printed information. The following

additional information is printed if the option for data is

chosen:
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Unattenuated free field fluence (cal/cm )

Height of burst (ft)

Slant rQnge at time of peak radiant power (mi)

Time to peak radiant power (sec)

Direct free field fluence (cal/cm )

2Direct normally incident fluence (cal/cm2)
(Normal to a plane horizont;!.; receiver)

2
Reflected fluence (cal/cm )

2
Reflected plus direct normal fluence (cal/cm2)
(Computed only if burst below the receiver)

Sub Programs Called by THERM. Subroutines ATMOS, TRANS,

SETUP, and MACURE are called from the routine THERM. Sub-

routine TRANS is called upon to evaluate the atmospheric

transmission factors for thermal energy as needed in the

thermal calculations. The effect of a haze layer from sea

level to any specified altitude is included in the calcula-

tion of the transmission factors. The remaining subroutines

perform the same functions as described in Chapter III,

BLOCK DATA is again used for storage of data tables.

Limitations on Thermal Calculations. Methods have been

presented for deLermining tran3miszion of thermal energy in

all altitude ranges. However, the determination of thermal

efficiency is accurate only to approximately 250,000 ft.

Extrapolation beyond this limit is possible but no verifica-

tion of accuracy has been made.

Calculation of thermal effects for burst altitudes below

50 kft. include the effect of visibility. The method for

finding transmission fractions is accurate for transmission
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distances up to and including the visibility range. Thermal

levels that are computed for distances exceeding that range

are likely to be higher than actual values. Also, the

attenuating atmosphere is considered to extend throughout

the transmission path for the case of a burst below 50 kft.

with the receiver above 100 kft. This assumption will result

in some excess attenuation of the thermal energy.

The presence of clouds and stratified layers of haze

will greatly affect the thermal energy present at any given

point. These effects have not been accounted for. Devia-

tions from the assumptions of this simplified model will

nearly always be present and the results should be inter-

preted accordingly.

Evaluation of Thermal Computations. Thermal levels

computed by subroutine THERM have been compared to values

computed by the thermal code SNAPT at AFWL. The codes are

based on a similar theoretical approach. A correlation of

free field thermal levels was made %or a range of burst

altitudes from 0 to 60,000 ft. and for receivers from 0 to

50,000 ft. Agreement to within 10% of the SNAPT values was

obtained except for the ground burst case where the THERM

values were a factor of two times greater than those of SNAPT.

A different approach was used in the two codes for the

determination of thermal yield for the ground burst. The

SNAPT approach is intended to account for a high attenuation

41 factor near the earth's surface and is probably more correct

in that region,
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The method for prediction of thermal fluence levels in

the lower altitude regions (below SO kft.) has been corre-

lated to actual tests. There is general agreement to within

± 10% for those conditions meeting the assumptions presented

in this report. The calculations for a high altitude burst

with a receiver in the attenuating atmosphere (below 100 kft.)

are estimated to be correct to within a factor of two.

Thermal transmission for the high altitude burst and receiver

case is not affected by atmospheric attenuation. Radial

divergence is applied to find the thermal level and the

r accuracy is only limited by the prediction of thermal yield.

Summary

The methods of thermal effects computations were drawn

primarily from Ref 3. The transmission fractions were found

by separate techniques for three regions of altitude. The

regions handled separately were the following: burst alti-

tudes less than 30 kft. with receivers below 100 kft., burst

altitudes above 50 kft. with receivers below SO kft., and

both burst and receiver above 50 kft.

A subroutine named THERM was developed to make the

effects calculations and to perform the survivability

analysis. Survivability is based on the threat level and

vulnerability for the free-field thermal fluence in cal/cm2

The subroutine is capable of evaluating thermal effects for

bursts up to approximately 250,000 ft.
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V. Results and Conclusions

A computer code has been developed that will provide a

method to make survivability studies on systems that are

undergoing a nuclear attack. Initially, subroutines have

been included to evaluate survivability of systems to the

effects of blast and of thermal energy. The code is designed

to readily accept similar subroutines for the evaluation nf

other nuclear burst effects.

The program was prepared for use on the CDC 6600

computer with a Scope 3.3 compiler version. The code is

written in the FORTRAN EXTENDED language. Core memory

required on the CDC system is approximately 40,000 octal

words end run times are on the order of a few seconds.

The code is capable of handling from one to ten

sequential bursts which are automatically targeted and, of

evaiuating nuclear effects on a maximum of 100 vehicles,

The number of bursts which may be entered with positions

specified by the user is not limited. Any type of system

may be studied for which the vulnerability limiLs are known.

Subroutine. for the separate effects each have separate

limitations. The user of this program should be familiar

with those limitations to obta• i the most accurate results.

The results from blast computations have been correlated to

actual tests and to hydrodynamic calculations. A close

agreement has been ver'4ied for all regions up to altitudes

of 1SO,000 feet. The accuracy of calculations for thermal
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effects varies depending on the altitude of the burst and

receiver combination. Some correlation to actual test data

has been made and a close agreement was found between this

thermal routine and the SNAPT, AFWL routine. The values

for free field blast and thermal effects computed by this

code should be considered adequate for systems analysis and

survivability considerations. A sample problem which illus-

trates the use of this code has been included as Appendix E.

The presence of clouds, temperature inversions and other

atmospheric variations can have a significant effect on both

blast and thermal levels. Also deviations from the assumed

flat reflecting surface of the earth are important for the

lower altitudes. These factors should always be recognized

in conjunction with an interpretation of results.

Some areas of this code that could be further investi-

gated or improved upon include the following items. The

capabilities of the thermal effects eviluation could be

improved by accounting for the effects of reflected thermal

energy from cloud layers above the point of interest. The

additive effects of free field levels ior coincident bursts

has not been treated and could be a significant factor for

closely spaced bursts. No provision has been made to

evaluate the environment of special weapons. This capability

could be very important in survivability evaluations and is

a desirable addition to the code. The development of sub-

routines to calculate environments for x-ray, gamma ray,

neutrons, and Electro-Magnetic Pulse should also be

so
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accomplished. This addition to the basic survivability

code, along with the blast and thermal subroutines, would

then provide a single package to evaluate survivability to

each of the major nuclear effects.
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Appendix A

A Statistical Approximation for a Normally

Distributed Variable

The Central Limit Theorem of probability theory was

used to obtain a normal, spherical distribution for the

detonation point relative to the chosen target. This theorem

states (Ref 6, 251) that if x. is a random variable takenI 1
from sample size n, then

n

Sx. - E[Ixi]
i=l (42)

n A•a
x

where

z = value of a random variable which is approximately

normally distributed with a mean of zero and a

variance of one

E(xi) 1 = expectation value of x.

E(Ixi) summation over n, of expectation values

ax = standard deviation for x.
P1

The coordinates of a normal, spherical distribution may

be found in the following manner:

For a value of n = 12 and for random numbers between 0

and 1 we have

E[xi] = 1/2 (43)
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C E L.XII b

Fig. 10. Schematic Re-presentation of Random Number
Distribution.

E([xi] = 12(1/2) = 6 (44)

2

Variance = a2 = (b-a) = 1/12 (45)
x 12

Std. Dev. -a = I/I42- (46)x

then

F a = r1-2• 11 I/ rl = 1 (47)
x

and the approximately normally distributed random variable is

given by

12
z x- 6 (48)S~i=1

This value, z , has been deterinined for a distribution

[ of variance of one. A :,pecified spherical probable error,

spe, then delineates the distribution. The value, z, must

be scaled by the appropriate standard deviation. The

spherical distribution has
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(49)

and

spe = 1.5380 (Ref 5, 301) (SO)

therefore

spe (11.538

Finally, for a given distribution, A, an -oproximately

normally distributed point, (x,y,z) is given by

(1) (2) (3)
(x,y,z) = AC(zC, Az , z )) (52)

A

I!

4
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Appendix B

Index of Variables (Major Routines)

Note: Variables are defined in the first routine in which
they appear and are not listed again.

Program GUIDF:
First

Variable Appearance
Name Definition (Line)

BURSTX
BbRSTY Coordinate points of the burst 9
BURSTZ position

CYCLE Number of bursts to be analyzed 13

COUNT Record of burst number currently
under analysis 13

DISPX 125
DISPY X,Y,Z displacements, burst to 126
DISPZ receiver position 127

DISPR Radial displacement, burst to
receiver 128

HG Height of ground above sea level 8

HB Height of burst above sea level 8

HZ Height of receiver above sea level 8

II Number of vehicles input 6

IODAT Input parameter for data print
option 6

IRC Integer number to precycle the
random number generator 102

KTEMP Input parameter for non-standard

temperature option 5

NUM Array of possible values for IRC 12

OPTl Option for method of burst placement 13

OPT2 Option to change velocity vectors 13
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GUIDE (cont.)

"" Name Definition Line

PO Water vapor pressure at sea level l1

POSX 10
POSY X,Y,Z arrays for vehicle positions 10
POSZ 6

RFB Radius of fireball 70

RHO Albedo 11

SPE Spherical probable error for
targeting 89

TARGX 92
TARGY X,Y,Z coordinate points on which burst 93
TARGZ is targeted 94

TEMPS Nonstandard sea level temperature

(degree Rankine) 6

TIMEX Incremental time for each burst 48

TM(l) Temperature at receiver altitude
(degree Rankine) 6

TM(2') Temperature at ground altitude
(degree Rankine) 6

TM(3) Temperature at burst altitude
(degree Rankine) 6

VBLASTI Vulnerability level for overpressure 6

VEHIC Array for record of vehicles 6

VGAMA Vulnerability level for gamma 45

VIS Visibility at sea level (miles) 11

VNEUT Vulnerability level for neutrons 45

VQ Vulnerability level for dynamic
pressure 45

VTHERM Vulnerability level for thermal
energy 45

VARAY Vulnerability level for x-ray 45
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GUIDE: (cont.)

Name Definition Line

vx
VY X,Y,Z velocity component vectors for
VZ each vehicle 10

W Yield in KT 8

ZH Height of haze layer above sea
level (ft.) 11

Subroutine TARGET:

DUM Dummy variable for argument of random
number function 9

R Radial displacement of burst from
target position 29

RX1 26
RY1 X,Y,Z coordinate displacement of 27
RZl burst from target position 28

SIGMA Standard deviation for a normal
distribution 7

SUMX 3
SUMY Computational sumi 4
SUMZ S

x
Y X,Y,Z coordinates of the target point 1
Z

Subroutine BLAST1:

ACF Table of altitudes for blast
efficiency 21

ALFA Ledsham-Pike a correction factor 132

ALP1E Minimum angle at which mach reflection
will occur (degrees) 13

ALPIER ALPIE (radians) 13

CF Table of altitudes corresponding to
table of efficiency factors, CFF
(feet) 21
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Subroutine BLASTI: (cont.)

Name Definition Line

CFF Table of blast efficiency fators 77

CFS Separation constant for segments of
the scaled range versus over-
pressure curve for the 1KT model
burst 35

CF1
CF2 Coefficients for empirical fit of
CF3 a versus overpressure curve is

CF1l
CF22
CF33 Coefficients for empirical fit of
CF44 scaled range versus overpressure
CF55 curve 30-34
CONT Variable for program flow 2S

ClO Coefficients used in empirical
Cll fit of the ratio of scaled positive
C02 duration of overdensity to the

scaled duration of overpressure
verstns RBAR, the scaled range 21

C4
C5 Coefficients used in empirical
C6 fit of the ratio of scaled positive
C7 duration of material velocity to
C8 scaled duration of overpressure
C9 versus RBAR 21

DELP Peak overpressure (psi) 2S

DEN Dummy argument in ATMIOS call 100

DT Time increment for use in subroutine
MOTION 93

EPSILO Ratio of overpressure to pressure
at the receiver 134

FLAG Variable controlling program flow 91

FR Yield amplification factor for fused
shock calculation 13
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Subroutine BLASTI: (cont.)

Name Definition Line

H(l)
H(2) HZ, FG, HB respectively 27
H(3)

HT Height above ground of point on
triple-point path (kft) 24

INCOMP 64
INTC Variables controlling program flow 90
KCASE 72

KER Variable indicating error in ATMOS 100

LER Dummy argument in call to MACURE 77

NIT Variable for program flow 59

P(2) PZ, PB, PG respectively (set in
P(3) equivalence statement) 27

PB Pressure at burst altitude (psi) 13

PBPZ Ratio PB/PZ 13

PBR Ratio PB/PSL 13

PBRW (PBR/W)**. 3333 13

PDMV Positive duration of material
velocity (sec) 169

PDOD Positive duration of overdensity
(sec) 171

PDOOP Positive duration of overpressure
(sec) 167

PG Pressure of ground elevation (psi) 13

PGR Ratio PG/PSL 13

PHIR Angle used in triple point
consideration 13

POD Positive overdensity (slugs/ft ) 170

PR(2) Ratio P(l)/PSL) (PZR) 27
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Subroutine BLASTI: (cont.)

Name Definition Line

PR(2) Ratio P(2)/PSL (PGR) 27

PR(3) Ratio P(3)/PSL (PBR) 27

PSL Atmospheric pressure at sea level
(psi) 58

PZ Atmospheric pressure at receiver
(psi) 13

PZR Ratio PZ/PSL 13

R Radius of the fireball (kft) 13

RA Slant rvnge from burst to point on
triple-point path (kft) 13

RBAR Scaled range (1 KT, sea level burst)
(kft) 124

RHO(l)
RHO(2) Density at HZ, HG, HB respectively
"RHO(3) (slugs/ft 3 ) 100

RHOB
RHOG RHO(3), RHO(2), RHO(1) respect3
RHOZ 28

SDELP Scaled peak overpressure o 1 KT,
sea level burst (psi) 126

SEPD Separation distanc -,hock front
to vehicle positio.: 140

SEPDT Separation distance for time

increment DT 140

SFR Shock front range from burst position 92

SFV Shock front velocity (ft/sec) 140

SR Slant range from burst to receiver 56

SRE Slant range from burst to origin
of the triple-point path on ground
(kft) 13
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Subroutine BLAST1: (cont.)

Name Definition Line

SS(1) Ambient speed of sound at receiver,
SS(2) at ground, and at burst altitudes
SS(3) respectively (ft/sec) 27

SSB
SSG SS(3), SS(2), SS(1) respectively
SSZ 28

SSZR Ratio of speed of sound at receiver
to that at sea level 114

ST Horizontal range from ground zero
to point on triple-point path (kft) 69

STO Horizontal range from ground zero
to the.beginning of triple-point
path (kft) 67

TAB,,ILL) Tabular data stored in BLOCK DATA 18

TABlI Values of scaled range, RBAR,
(Independent Variable)

TABID Values of scaled peak overpressure,
SDELP (Dependent Variable)

TAB2I Values of scaled range, RBAR
TAB2D Values of Ledsham-Pike alpha

correction

TAB3I Used to invert order of entry of
TABSD values in TAB1

TAB41 Values of angle ALPHIR
TAB4D Values of angle PHIR

TABSI Values of scaled height of burst
TABSD Values of yield amplification factor

for Mach stem region

TAB61 Values of scaled range, RBAR
TAB6D Values of scaled time of shock arrival

TDPZ Scaled positive duration of over-
pressure 154

TDRZ Ratio of scaled positive duration of
overdensity to the scaled duration
of overpressure 166
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Subroutine BLAST1 (cont.)

Name Definition Line

TEMP Dummy argument for ATMOS call 100

TMV Ratio of scaled positive duration
of material velocity to scaled dur-
ation of overpressu-.e 161

TR Dummy variable in ATMOS call 100

TSA Time of shock arrival (see) 139

TSACAP Time of shock arrival (sealed, I KT
sea level burst) 138

TT Dummy argument in MOTION call 140

.L.AI.TA Sep~ration for ranges of
the curves of positive phase
duration versus RBAR 21

VC Dummy variable in ATMOS call 100

WOR Yield, W 49

XITER 25
XKKX Variables controlling program flow 24

Subroutine THERM:

AAA1 Table of independent variables
nirmalized slant range and angle,
PFE 10

AAA2 Table of ground burst gamma
functions (dependent variable) 10

BB1 Table of variables - HRO and XRO
(independent) 10

BB2 Table of gamma functions, air burst
(dependent) 10

DELX X coordinate range, burst to
receiver 61

DELZ Z coordinate range, burst to
receiver 62
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Subroutine THERM: (cont.)

Name Definition Line

FUV Fraction of thermal yield in
ultraviolet 120

GAM Gamma function for air or ground
burst 80

HOB Height of burst above sea level 20

HRO Scaled height of the receiver 85

PFE Angle between the vertical at the
receiver and the slant line to
ground zero 78

PI Constant of multiplication 38

PO Water vapor pressure at sea level
(mmHg) 9

PX 58
PY Vehicle coordinate positions at 59
PZ time of the thermal maximum 60

QDN Direct thermal fluence normal to
plane horizontal receiver (cal/cm2 ) 96

QDFF Direct thermal fluence, free field
(cal/cm2 ) 93

QDFFUN Direct thermal fluence, free field,
unattenuated 94

QR Reflected thermal fluence (cal/cm2 ) 90

QMHR Sum of reflected and direct normal
fluence 2 on a plane receiver
(cal/cm ) 99

R Reduced range (high altitude burst) 123

SRMJ Slant range (miles) 69

SRCM Slant range (cm) 70

SRN Normalized slant range 77

SS Dummy argument in ATMOS call 21

el 1



GNE/PH/72-3

Subroutine THERM: (cont.)

Name Definition Line

STHET Angle used in high altitude burst
computations 121

TBW1 Table of precipitable water vapor
(independent variable) 10

TBTI Table for fractional transmission
of infrared (ground burst) 10

TBT2 Table for fractional transmission
of infrared (air burst) 10

TBV1 Table of height of burst
'.independent variable) 10

TBV2 Table of fraction 0£ ulLr&vixolet energy
(dependent variable) 10

TD Direct transmission fraction 92

TEFF Thermal yield efficiency factor 33

TMAXZ Time of 2nd thermal max. (sec) 30

TMIN Time of thermal minimum (sec) 29

TR Reflected transmission fraction 87

TYPE Variable controlling program flow 86

WMT Yield in megatons 18

WTH Thermal yield (KT) 37

XRO Scaled X range 82

Subroutine TRANS:

CHK Variable for program flow I

CTHETA Angle used in transmission formulas 16

FIR Fraction of infrared energy 69

FV Fraction of visible energy 68

-a LER Error record 75
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Subroutine TRANS: (cont.)

<JName Definition Line

TH Transmission factor with haze 19

TR Transmission, clear air 20

TT Total transmission factor 79

TW Transmission factor, infvared 75

XXW Water vapor in the transmission path 40

Subroutine TRIPNT:

ALFA Ledsham-Pike a factor 59

ALPHA
ALPHIR Angles used in triple-point 134
ALPIF computation 107

ALT Height of burst above ground (kft) 40

ALTSRG Ratio of ALT to slant range from
burst to a point on the ground 89

CAPD Functions for Newton-Raphson 84
CAPQ iteration to determine ALFA 85

CONT Variable for program flow 125

DDELP Derivative in Newcon-RaphsonSiteration 64

DELPD Desired overpressure (Range
solution only) 124

DELPG Overpressure on ground 62

DELPR Overpressure received, used in
iteration process 31

DPDX Derivatives in N-R iteration 75
DRBAR 76

FR Yield amplification factor (fused
I ,shock region) 46

INCOMP Variable recording error in input
data (Range solution only) 95

66



GNE/PH/72-3

Subroutine TRIPNT: (cont.)

* Name Definition Line

PHIR Angle used in triple-point
calculations 136

PPP Exponent used in functional curve 68

SHB Scaled height of burst 42

SMF Function used in Newton-Raphson
iteration 83

XI Incremental value of shock strength 54

XITER Variable for program flow 31

XK 48
XKK Variables for programn flow 127
KKK 128

I
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Appendix C

Details of Data Entry

Input data cards are to be prepared by the following
instructions.

Column Format Symbol Input Comments

CARD 1

1-12 E12.5 VIS The visibility in miles
at sea level

13-24 E12.S PO The water vapor pressure
in mmHg at sea level

25-36 E12.5 RHO The albedo factor (a
deci~alfracltion)

37-48 E12.5 ZH Altitude of haze layer
(ft. above sea level)

CARD 2

1-3 13 11 Integer, number of
vehicles to be entered
in the vehicle array
(right justified)

4-6 13 CYCLE Integer, number of
weapon bursts (right
justified)

CARD 3

1 Il KTEMP 0 Option for use of
standard atmosphere
(remainder of Card 3 is
blank for this value of
KTEMP)

KTEMP 1 Option for nonstandard
atmosphere (complete
Card 3 as shown below)

2-7 F6.0 TEMPS Desired temperature at
sea level in degrees
Rankine
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Column Format Symbol Input Comments

UJ CARD 3

8-13 F6.0 TM(l) Temperature at altitude
of receiver (degreesRankine)

14-19 F6.0 TM(2) Temperature at height of
around (degrees Rankine)

20-.25 F6.0 TM(3) Temperature at height of
burst (degrees Rankine)

CARD 4 (Multiple card)

.-.2 E12.5 X coordinate position
in feet for vehicle I

13-24 E12.5 POSY(I) Y coordinate position
in feet for vehicle I

25-36 E12.5 POSZ(I) Z coordinate position
in feet for vehicle I

"(Coordinate points for
each vehicle are rela-
tive to an arbitrarily
established origin of
coordiiates at sea
level.)

37-48 E12.5 VX(I) X component of velocity
in ft/sec for vehicle I

49-60 E12.S VY(I) Y component of velocity
in ft/sec for vehicle I

61-72 E12.5 VZ(I) Z component of velocity
in ft/sec for vehicle I

(There will be one card
number 4 for each
vehicle entered in the
vehicle array.)
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Column Format Symbol Input Comments

CARD 5

1-3 13 Num(l) tny integer between 1
and 100 of the readers
choice is to be entered
(right justified)

4-6 13 Num(2) - see above

7-9 13 Num(3) - "

10-12 13 Num(4) - i

13-15 13 Num(S) - "

16-18 13 Num(6) - "

19-21 13 Num(7)

22-24 13 Num(8) "

25-27 13 Num(9) "

28-30 13 Num(10) "

CARD 6

1-12 E12.5 VGAMA Vulnerability level for
gamma rays (total gamma
fluence)

13-24 E12.5 VXRAY Vulnerability level for
x-rays in cal/cm2

25-36 E12.S VTHERM Vulnerability level
for thermal energy in
cal/cm

2

37-48 E12.5 VBLAST1 Vulnerability level for
overpressure in psi

49-60 E12.5 VNEUT Vulnerability level for
neutrons (total neutron
fluence)

70



GNE/PH/72-3

Column Format Symbol Input Comments

'U CARD 6

61-72 E12.5 VQ Vulnerability level for
dynamic pressure in psi

(Entry of a zero will
cause the associated
effect to be deleted
from the analysis.)

Note: The appropriate sequence of cards 7, 8, 9, 10 must be
repeated for each burst that is to be treated in the
program.

CARD 7

1-12 E12.5 TIMEX Incyemental time in sec
at which a burAt occurs.

(Time begins at time
equal zero and TIMEX
may have any value
including zero. Bursts
separated by a zero time
increment are treated as

k separate bursts.)

13-24 E12.5 W Weapon yield in KT

25-36 E12.S HG - Height of ground in ft.
above sea level

37-38 12 OPT1 0 Option for user to enter
the coordinate position
of burst (right justified)

OPT1 1 Option for autematic
placement of the burst
(right justified)

39-40 12 IODAT 0 Option for printout of
vehicle losses only
(right justified)

IODAT 1 Option for printout of
all effects parameters
(right justified)
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.,olumn Format Symbol Input Comments

CARD 7

41-42 12 OPT2 0 Crtion to allow ohange
in valocity vector
(allowed only if
OPT] = 0)

OPT2 I Option to retain
original velocity vectors

ChRD 8 (required only if OPTI 0)

1-12 E12.S BURSTX - X coordinate position
in feet for burst

13-24 E12.5 BURSTY - Y coordinate position
in feet for burst

25-36 E12.5 BURSTZ - Z coordinate position
in feet for burst

(Coordinates relative to
the common sea level
origin of coordinates
described above.)

CARD 9 (required only if OPT1 = 0 and OPT2 = 0)(multiple card)

1-12 E12.5 VX(I) - New X component of
velocity for vehicle I
(ft/sec)

Jý-24 E12.5 VY(I) Y component of velocity
for vehicle I (f /sec)

25-36 E12.5 VZ(I) Z component of velocity
for vehicle I (ft/sec)

(There will be one
card 9 entered for each
vehicle in the original
vehicle array.)

CARD 10 (required if OPTl = 1)

1-12 E12.5 spe Spherical probable error
radius in feet
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Appendix D

CSSANE Program~ Source Listing_

PROGRAM GUIDE (INOUT9OUTPUT)

C FLOW OF ANALYSIS IS CCNTPOLLEO BY PROGRAM GUIDE.
C SUPROUTINES CALLED 9Y GUIIF ARE TARGETgcA'-AXPAYTH~ERMPLASTiANO NEUT

COMMON/CAPRI/OISFR(1J-'-),PCSZ(CL~),KTEIMP, TEmQSTM(3)qVEliIC(1i-f),lI
1. ,V9LAST1qVOIC0AT

COHMON/GRNO/HZgHGHQ,'W
COMMON/POS/O,fluRTX,3URSTY,c3UQSTI
COMMON/TNFO/POSX(lLfl),pOSY(1Jý-),VXMiO.),VY(:Iu-1),V7(1o)
COMtIONIRIT/ POVI'zqRHOZH
OIMENSION NUM(19)
INTEGE.R COUNTqCYCLEOPTl.,CPT2

CENTER VIS13. LEVEL, H20 VAPOQ PRES., ALEEC09 H1A7E LEVEL
C ENTER NUM9ER OF VEHICLES AND NUM'3c CF PUcSTS
C ENTER TEMPERATURE VALUFS IF NCN-STANDARO ATMOSPHEPE DESIRED
C (ENTER ZEROES FOR ST'2. AT'4Oq.)

READ 22,VTSpo,RHOZH
READ 21,II,rYrLE
READ 4UKTEMPTEMPSTm'
COUNT=9.

VEHIC %T) =1
190 READ 22,POSX(T),PCSY(I),PCSZ(I) ,VX(I) ,VY(I) ,V7(I)

READ 21,(NUI,'AI:1,lr)
PRINT 25
PRINT 26
DO 101 I=1,11

101 PPINT 2ý7,IPOSX(TI)POSY(I) ,POS.Z(I) ,VX(I) ,VY(I),VZ(I)
PRINT 82
PPINT 84,CYCLE
PPINT '36,VIS
PRINT 88,RHO
PRINT 9nPQ
IF (KTE4P*EO*O) GO 70O 102
PRINT 9?
PRINT 96
PRINT 97
PPINT 94,TEMPSTN~(i),TM(2) ,TM(3)

102 PPINT 95
C
C ENTER VULt!ERABILITY LE.VELS FnR TYPE VEHICLE
C ENTIER ZERO FOR EFFECITS TO 9E CELETED

RFAD 22,VGAM4,VXRbYVTHEPMVeLAST1, VNFUTVr)
C SNTATEM1ENT 154~ aEGINS LOCO THAT CYCLES ON\CE FOR FACH 9URST
c

104 READ 24tTIMSXqWHGOPT1, IO0AT,0P72
R=O
COUNI =COVJNTi1,ý

7.,



CNEXT Inl LTNPS UPOAT=i VEHICLE POSITIONS TO TI"E OF PURST

0TIMEX IS INCREMENTAL TTINE

ij5 PRINT 10,CCUNT
PRINT 26
AA=O.

IF (VEHIC (I)) 1 7,1199
117 POSX(I)=POSX(T) +VX(T)*TItAFX

POSY(Ih=POSY(I)+VY(I),-TTMEX
POS7Z(I)=POSZ(I) 4V7(I)*TI'mEX
AA=AA+i.
PRINT ?7,I,POSX(I) ,-9SY(i) ,POSZ(I) ,VX(I) ,VY(I),VZ(I)
IF (POSZ(I)sGE.HG) GJ TO 139
VEHIC (I)=.
PPINT -3ý!qI

IC9 CCNTINUE
IF(AiA.EO.1) GO TO 311.

1iG RFqzijJ*(W~**b)
IF (CR11) 31.iS,3J1)

C 3RANCH 3r%- FOR USPR PLACE9ENT OF PURST

3,rC , REA~D ,2RURSTXq3URSTY,9URSTZ
IF (OPT2*.EO.1) GO 7O 3n-3
0O 3C2 I=1,11

3ý2 RFAfl 22,VX(I),VY(I),V7(I)
3Q3 PRINT 73

PP'INT 78,BURSTXq,9URSTYE3URSTZ
"PINT 790GC
PRINT 81),TIME-X
GO TO 330)

C 9RANCH- 30125 SU99OUTIN-E TV2GET PLACFS RURST ACCORDTNG TO A SPH-ERIrALLY
C NORMIAL DI'ýTRIM'UTION
C DIRECT ATTACK< ON FIZST OCCUPIED SLOT IN VEHICLE ARPAY

3,)5 DEAD ?2,SPE
DO 310 I=1,II
IPiVHI,(T) )3r&,310

31n6 TARGX=POSY(T)
TAPGY.=POSY (I)
TAPG7,=PnS7 (I)
GO TO 315

!I!' CONTINUE
311 PPINT 3ý5

GO TO 9.,)
C IRC USED TO PRECVCLF THE RANDOM NUMBER GEN~ERATOR IN TARGET
C

3t5 IRC=NI'M(COUNT)
IF (SPE.LT.iiJ) GO TO 322
OPiINT 7?
PRINT 7,11
PRINT 79,HG
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PPINT 8n,TIH'EX
CALL TAQGET(SPETARCXTAPGYTARG7,IlC)
GO TO 323

C FOR SPE LFSS TI-AN 1311 PLACE EUPST ON VEI-ICLE POS117ION
322 B3URSTX=TARGX

9URFTY=TtIRGY
BUIRSTZ=TARr,7
PRINT 76

323 DPINT 74,%jRUPSTXBURSTYPtJPST7
33L., OPINT ?93

PRINT 29tCCUNTN
PPINT 28
HB=BUPSTZ

C FIND SLANT RANGE TO EArP VEHICLE REMAZNINr ANO CHECK FOR FIRFLOALL
C INTERSECTION (NEXT 15) LINES)

On 75U I=4 ,1T

140 OISPX=(POSX(I)-OU9STX)**?
OISPY= (POSY(I)-lURSTY), *2

DISPR(I)=SQT (OISPX+jISPY+OISP7)
IF(DISPR(I).uT.?FQ) GO TO 75')
VEHIC(I)=',
PRINT 3b1,,pFr8

351 CONTINUF

C COMPUTE EFFECTS LEVELS AND DETER 4TNE LOSSES, (NEXT 10 LINES)
C

112 IF(VGAMA)115,123
115 CALL GAM.( III-URSTX,9URSTYBUPSTZPCSXPOSYPC'zZVGAMAVrHTC)
120 T-F(VXRAY)12F913)
125 CALL YRAY
130 IF (VTHERM) 1Z5, 141
135 CALL THCEl (VTHERMDFn)
140 IF(VRLASTI*rO,. l0ýI.VO.E~o.'.) GC TO 170
145 CALL qLASTI
170 IF(VNEUT)175,19ý
175 CALL NEUT

C
C LOSSES EACH EFFECT PRINTED IN SUeROUTINE
C

190 CONTTlNUE
IF(CYCLE-CCUNT',90C,?% ,,1jl4

C
C DETERMINE AND PRINT ALL VEHICLES LOST IIý ENTIRE MISSION PHASE
C

2JU PRINT 6'ý

IF (Vi-HIC(1fl9"J',2C5,?06

216 CONTTNUE
9j0 STOP

(10 FORMAT (1H1,1i.X,*-------VEHICLE PCSITICN'S AT TIME OF 9UPST NUML'EP*I



GNE/PHI/72-3

2-, FORMAT (1"T3)
22 FORMAT(7c.i2.5)
24 FOR11AT (3i=2.%3I2)
25 FORMATCIH1,25X,39H --------VEHICLE INITIAL POND:LTIONS-------II)

26 FORMAT('IH VCHTCLE,1?2X,15HPCSITION(XYZ) ,*(FT)#,IX,27HVcLOC ITY(X,
iV,7) (FT/SEC)

?7 FORMAT (3X, 13,F'Y, F1iG . 3X, 3Flr *2
28 FORMAT (/,tX, 47(1H*),f,1Y,47(iH*))
29 FORMAT (/7X,* LCS'ZE' CPOM OUR13T NUMEE,~I3,2X,*i*qF7.1,*KTV)*
30 FORMAT (//,i3X,4 V;-HICLE NUMP= ,91.3 14 IS IN SIDE THE FIR"ALL RADIUS

t4,F5.-g* FEET, 4 ,/iCX, 4 ANO HAS BEEN REMOVED FF:OM FURTHER C-CNSIeJERA

32FORMAT (//,i:X,* ---- VPHirLE NUMBEO:,I, HAS INTERCEPTED *t/,
i114X,~r-ROUN0l LEVEL AND HAS PEEN R~mOVFC.4)

35 FORMAT (/I1X,*ALL VEHTCLE SLOTS ARE EtVPTY, ORCGRAM IS TERMINATE0.*
1)

40 FORMAT (II,4ý6.q)
60 FORMAT (//94'h VEHICL7S LCST OVER~ ENTIRE MISSION PHASE)
62 FORMAT(i2YI3)
70 FORMAT (///t~3.t-,,X1~I~~/i,3(H)/-- -- ----WEA

100N R,(RST POSITIONED PY USER -----
72 FORMAT (/////4IX,134(IH-),/,iX,134(1H-},/,IX1XI (iH-),/,4 - -- - --- WEA

IPON BURST POSITIONJED dY SUBDOUTIN=- TAFGET-----*
73 FORMAT(l!X,*T'-'E T ARGcT VEHICLE IS VEHICLE tI)
74 FORMAT( 3X,*lURST DFTONATION AT~,q1V .2, FT FRCM TARGET VEHICLrP*

1 ,/, 8X,*NUCLE-lR DETONATICtN CCOPVIN'A1F; AREq3FijI,l/)
76 FORMAT( IX,*--THE SPE IS LESS THAN I.- FEET, ThjZST HAS P~cN PLACED

I. AT THE TARGET CO0R0RP'ATFq.--*)
78 FORMýT( 8X,*NUCLEAF DETONATION COORDINATES ARE49F13.19,%*,Flb.17*9~

79 FORMAT (3X,~rROUNfl H-EIfHT APOVE SEA LEVEL=-,L.XqF3.I,* FT*)
80 FORMAT (SX,*INCREMiENTAL TIME OF BURST=ýry8XE8.i,* SEC*)
52 FORMAT (///PX,#INPUT 0APAtPETEPS--*)
14 FdRMAT(I'JX,*NUM13,R OP ý3UPSTS ENTEREC I.,99XI:3)
16 FORMAT(liXp*VISI9ILITY AT SEI LFVELU-(T.) IS*9,-XF3.2)
88 FORMAT(12X, AL!3OC (GR.OUNC PEFLECTAMCE) IS*,4XFB.2)
90 FORMATU¶qX,*ý4?O VAPOR PO'ESSLJPF(SE'A LEVELMUvHG)*vF3.2)

*92 FORMATUIIX,*NONSTANrA"ýn A7MOSPHrRE ENTFR;-70)
96 FOMTl~*Ej-cAJE IN CrGPE:S RANKTNE-- 4*)
97 FORMAT (/,1.,X,*AT SEA LEVEL*13X,*AT RECEIVrER*93Xt#AT CR0UN0*,3X,*A

IT 9UPST*')
94 FORMAT (CI.Xq(2X, FI3.I))
98 FORMAT (I-,XýSTANDAP'J ATMOSPHEFR SPECII-IEC*)

E ND

76
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SUBRO'JTTNt- TAR9GET (SPEXY,7,TPC)
C
C !ZUPqOUTIhIr TARGET POSITIONS THE 3UPST ACOCROING TC A NORMA~L OIS7PIBU-
C TION OF FROR

C CALLING POUTINE IS GUIOF

COHMON'/POS/R, 9U!STX ,3IJPSTYBuQST-ý
SUMX=-2.*
SUMY=G.
SUMZ=",

C XYZ IF VEH~ICL.E CCOROINIATE POINT ON WHICH EURST IS TARGETED
SIGMIA=SPE/1.573

10 X1=RANtF(1Uý')
00 2nl I~1,23F,
X2=RANF(0Uf')
IF(I.GT912) qO TO 14
StJMX=SU'1X+X2
GO TO 2n1

14 IF(ToGT.2'.) GO TO 16
SUMY=SUMY+X2
GO TO 2"

16 SUM1Z=SUl7+X2
2C CONTINUE

RX=((SX ;)*Im)*
RY=((SUMY-6.)*SIGmA)**2

R=RX+PY+R?

RYi=sQ~rT(-RX-R7)
RZl=SflRT (R-RX-RY)
R=SORT (R)
SURSTX=X+RXI
BURS-TY=Y+RYJ
B UR ST Z=Z +R7
ENfl

77
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SUBROUTINE IRLASTI

C SUROOUTINE BLASTI COMPUTES THE BLAST EFFECTS PARAVETIERS AND MAKES
C SURVIVAL TESTS
C
C CALLING POUTINE IS GUICF
C PLAST! CALLS SUnRCUTINFS TRTPNT,MCTIONqSETUPMACUrE, tAND ATMiOS
C

COMMON/C RRI/OISPR(10-),PCS7(1-jP),KTEPP, TEMPS,TM(3),VcEPTr~(l ),I
£ ,VBLAST1,VOICOAT

COMMON/GRNO/H~.ZHGjPtw
COMMoN/qIN/POsXlPosYI
CONMCN/TRI/PZ,P(, cP, PZRPG'RP9R S~,FRSREALPlERALPltE,
1. R90,P9PZqi~,PRPWINCO'MP
COMM ON / SE N SE /CF S
COMMCN/COLC/CFii(2),C'22(2),CF373(2),CF44(2),CFSl5(2),CFR(GB),CF'.(

7 )

± CF2(7)tCc'(7)
COMMON/TAB/ TABiI(69),TA810(69),TAB2I(62),TA~32C(62),TArl3I(69),

i TA830(69),TAB4I(18),TA840(18),TAL31T(26),TA85'J(26),'
2 TA;36I (69),9TAP~n (59)
CODMMON/CON/UL2( 7) ,UL3 (8) UL4 (8) ,ULS (5),

7, 2 C12(8),P2(8) ,P3k3),A1E(41),ACF(13),CF(13)
COT4MON/PNT/PASTOPI-'ISHE ,ST,XKK, ALTSRG, HT, XK<IX
COMM6PD-L)9O PýqDL iO JI X IT ER
COMMON/T3LKIJP/L1,LF9,1A(F),IXL(l1>.),NNEX
DIMENSION ()(),(),EP3,IO)SS)
EOUIVALENCE ýPP)(ý79PgZ),,F~g'.O!)(H~cý02)

DATA i/.989i,59253/
DATA CF22/-.8!3121U6J,-.33454567!92/
DATA CF33/. o0537 ie -E84 ,2u153 3 8 --'84/
DATA CF44/.178612593,-.P422;5:77752/
DATA CF55/tA37932961,.238265622887/
DATA CFS/1.85/

DATA CF7/.6499,i.2943,.4725,.2 .53,.C424,-.j%ý4669'./
DATA CF3/. ý7C76,-.154,4.1959.354,.5C4O8,.57714,.591/
R90=9r .1/5?.296
DO 10 J:=ljtj
TAB41(J)=TAG4T(J) /57*996

10 TABL.D(,)=TAF34(J)/57.2q6
NN=7f
00 ?c J=i,96
N=NN-J
TAn3T(J)=TAtIJD(N)

23 TA83D(J)=TAelI(N)
WOR:W
PPINT 1555
N~i

30 IF(VEHIC(N)) 34932
32 N=N+l

IF(NGT*IT) GO TO 1131
Go TO 3

78



GNE/PiI/72-3

74 SP=OISPR(N)
HZ=POSZ(N4)
PSL=2i1l6o27/144t.
NIT=P
XITEP=ý.
XKKXrc.
('ONT=l.
DELPO=61*
TNCOMP~l
SPE=0 .
ALPIE=r,..9
STO=9 *

e ST7-u.0

TSA=O.ý
KCASE-- 0
OELP=C
SRSV=SP

12t] IF (HB*LT.?5)C9*) (-0 TO 170
CALL SETUP (A~i~lj,ýQj0
CALL "ACURE (CFtHBqj~vj,2.30,0,LcRCFF)
W=CFF*WOR

130 KCASP=KCASE+t
2lu IF (HB*LT,251490e) GO TO 22n1

PRINT 128P
PRINT 12-99, HB
GO TO 113-

222' ALTM=tA8q (HZ-rlP-)
IF (SRSV-ALTM) 2L4C,257,2F0

240 PRINT 141ni H9,HZvSR
GO TO lu63

250 HZi~i.
HZ§AV =H?
TNTC~f
F LAG =
SFP=fl.

TT=*D
SR=SR/lc 00.

4 GO TO 270
2.66 IF(HZ*EEOH71) GO TO 4'00

270 00 296 J=lv3
CALL ATMOS (d(J),TEMP(J1,OýNRHO(J),TRiPR(J),SS(J)IVCIKER)
TF (KER.NE.1) Go TO 3,0

29u- P (J)=PR (J)*P'ZL
GOTO 351

360 PRINT 127., JKFR
GO 10 ij6C

350 IF (KTEMP.E.0,) GO TO 43nl

PSL=14.6c)6*TýM~qS51?,67I360 00 '177 J=113
Pfl(J)=P(J) /PSL



RH4O (J)=RHO(J) *T(J) /TFtMP(j)
371 SS(J=49.ci2JllM(J)4*.5

47n- PnPZ=PZfPQ
9SZR=S¶•Z/1116.4437
PPRW=(P@?/W).**31T333
PZRW= (P7R/W* ý331-1

L44^ IF S. J)GO TO hqýC
PRINT 1iir,(
GO TO 1:6o

490 CALL TRIPmT (KCASE)
TF (INCO11 0 .Efl0.1) GO TO IC-60

5511 O8WR(q/W1-R)*373

P7RWFR=(PZR/(!4*FR))**,3-13333
R8AR=FR*Pý-RWFR
CALL SETUP (TAIcII,1,2,6q9,ý-uju)
CALL MACU.RE (T1,IOPq'P9,D,0u,:,2,LERSi1ELP)
IF (H7.rlE.HO) GC TO 5o9
DELFSOELP*PqR
ALFD=14.j
GO TO 570~

561C CALL SETUP
OALL MACUQE- (T59Pý,,tqqEL4

57 PST1O=OcL P/P?
SFV=SSZ* 11 * +6. )cPSILO/7 .n) (.5
Q=2,5*OELP**2.1/ (7.*oZ+flELP)
CALL ScETUP (A6,,,9~C%
CALL MAICU~c (TA9e0,R-,AQ,,,~,...l,,u;LER,TSACAO)
TSA=TqAC AP/ (SSZP*P7PWcQ)
CALL MiOTION (N,SFV,$%,HZ1,OTSFPFLAG,SýEPJ),TT, H7SAV,SEPT,INTCI
IF (INTC.CC.') GO TO r-71
VFHIC(N)=,,
PPINT i561 ,N
GO TO 1-7

571 SP=qP/lu').
IF(FLAG.LT.3.) rO To 772
IF(SEPOT.LT.-.) GO TO 574
POINT i'+qý,N
GO TO 1379

572 IF(A9S(SEPC).GT*2^0.) GO TO 2Fiý
574 0(0 5Aý J=1,7

IF (P6ARsLT.UL2(J)) GO TO 59)
5 8 C C ONT I MIJE

TflPZ=,2526G9+(1.)/ii.21)4 ALOG(PRAP)
Go To F

59) TrPZ=C4(J)*P9AR**+C5(J)*RBAR+C6(J)
* 601 00 61^ J~i,8

IF (Rt3A'RLT.UL3(J)) GO TO 629
610 CONTINUE

J=8

00 63ý J=i4B
TF (RPAR*LT.'JL'(J)) GO TO 64)

630 CONT lNUE
J=8
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649 TV7C:J*R0*3J Cij*nRC2J
PDOO P-=TODPZ /(S S 7 9* rZ P,;7c)
PM=.*DIOS7(.*ltt,*PIO7.)45
POMV=TMV*P;OnPP
POD=RHOZ* (7, 4-6 1* PSILO) / (7 *+FPSILC)
PPfOD=TD074 cOOCP
SP=SP*1j'-.
IF(VOLASTI.EO.).) GO TO 6EI
IFCVPLAST1.GT.O'-LP) GO TO 6602
VEHIC(M)=n.
PRINT 153.. N~,OELPVPLftSTI
GO TO 6R9)

66P IF(iVO.EQo. f"O To 61
IF (VO.GT*Q) GO TO 68"
VFHIr.(N) =',
PRINT 155-,NqflVQ

680 IF (I00AT.Efl.j) Go To 1ý60
730 PPINT 143^9'!

PPINT 144: ,P9SX1,OOCSYi,)H71
PPINT 1450 H7S ,TSASFV,OOELPPMV ,FCOPCOr
PPINT 146' ,F9OOPP0MV
IF (HnLT,25%%',) GO TO 740
GO TO 1cJ6)

740 PRINT 1321
1361 CONTINUE
1070 N=N+i

IF(NLE.II) r~o TO 3P'
1130 CONTINUE

11632 FORMAT (IH ,////q1CX,93H'SLANT R!\NrE FCUNO EQUAL TO ZERO IN OVERPRE
ISSURE SOLUTIONI RRCCFEDING TO NEXT CASE)

1270 FORMAT (1H3,I3HATMCS ;70,12 ,2H =,X3)
121- FORMAT (iHj,///, Xq3 7H9LAFT EFFECT"- ARE ESSENTIALLY qE0UCPO,//,Yý

IX,24HTO 2E'ýO AT THIS ALTITUDE)
.1293 FORMAr (1H3,47X,5HH9 = 1PE12,F)
132n FORMAT (1H~,22X,33HYIcEL-1 COPRECTION FACTOR IS EQUAL TC CNE)
±4j'0 FOR AT(/////4XL,;(1H*),///ltXti42H* AN OVERPRESSURE SOL.UTICN Cl.

14NOT *9/,45Y,4OH* 9E OBTAINED WITH THE GIVEN ?I,3p
20H* INPUT GEOmETRY *,//,6lX,4HHE =j1.cyj
3OX,4HHZ :,E12,5,/,6t.X,4HSR =,El2,5,//q45X,49~4f THE PROGRAM WILI
4 PROCEED WITH *./t4!5X,4CH* THE NEXT CASE

1430 FORMAT(//,SX9*SHCCK FRONT PARAMETERS AT INTERCEPT OF VEHICLE NUM~
1R,1I3)

1440 FORMAT (5X,*VEHICLE POSITION AT SHOCK INTERrCEFT(XvY,7)*,?Y,3F!j.3
i/I)

1450 FORMAT(1H;9,1,X,5sHRECEIVEý- HEIGHT AT SHOCK INTFRCEPT (FT)
i ,F1C.4,//,1--X',~.HSLANT PANGr AT SHOCK TNTEPrýEPT (FT)
> ,F10.4,//,1,X9CHTIME CF SwOCK ARRIVAL (SEC)
3 ,F10.Li,//,iDF`HVZHOrK FRONT VEICCITY (FT/SEC)
4 ,Fll.4,//,iiXE~'wPEAK DYNAMIC PRESSU~cE (PSI)
S ,gFi.*4p//91X,5~'-PEAK OVFQPqESSL'RE (PSI)

6 ,F13.4,//,1CX,50HPFAK MATEPIAL VELOCITY (FI/sEP)
7 ,F10.4,//,1.X,9Hr-EAK OVEROENSITY (SLUGS/PT**-)

8 Fi).4,//vilX,5CHPO3ITIVE CLRATIOIN OF OVEROENSITY (SEC)

81
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14602 FORMAT (tH2,3X,53PPOSlTIVE DURATION CVERPRESSUPE (qEC)
i ,Fi,.4//jli:Xq,%hPOSITIVE OUPATTON t'ATERIAL VELOCITY (SEFC)
2 ,F -.4 /

1490 FORMAT(V'X,*----VEIJICLE NU'mn'ER*,! 7 .SOTUiIGSHC(FOT ~
15". FOPMAT(IJX,'*-----=-ZHI'LE NU?4Bc0*,3,* I-AS 9:EEN SUqJECT'EO TO AN C'J=P

IPPESSURE 0Fq/14XF1:.L+, ANJ WAS 9=EEN REMOVED FROM T'wE PROGRAM.*,
2/,l0X,*----THE CVc-PP'ýESSURE VULN~4cAEILITY LLEVEL IS*,FIO.la)

1550 FORMAT (Ij,# i VHYL NUM93E0,I7,* I-AS 9EEN SIWJckCT=0 TO A CYtNA"

11C PRESSUPE OF~j/,FI'.4,* ANJ HAS REEK~ REMOVEC FOOM THE FRnrRAM.*,
2lt1bXs* ----THE DYNAMIC VULN-ERA-ILITY LEVEL IS*,C19.4)

1555 FORMýT (//f,iy,*PCS-ULTS FROM PLAST EFFECTS COV'PUT4T!ONS*)
156L FORMAT (//,1*.:X,*----V--HICLE NUM3FR*,I%:j HAS INTr2ýCEPT;EO *9/

11i4WGROUNC LFVEL AN) HAS HEEN REI'O'E'.*)
END
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SUBROUTINcE THEPM (VTHcRMRc4)
C **m **** # *******~

C SUQROUTINF THPRM COMPUTES THERMAL ENcRGY LEVELS FCP EACH VEHICLE AN-ý
C MAKES A SURVIVIVALBEITY 9CTERVINATION.
C
r, THERM IS CALLEq 'ny RCUTINP PLASTI.
C SlJ9ROUTINF7S CALLED 9Y TIPE-M ARE TRANsATMCSjScrUPMACURF
C

COMMOtJ/BIT/ POVISP'4.3,ZH
COMMON/TAnTH/ Tdl1)T~(2j921)

IAAAI(22) ,AAA'? (120) ,nt (39) ,'322(3')') ,TEV1(8) ,TPV2(8)
COMMON/CAPRIfflISP'(IJ. ),PCSZ(1-'ý),KTEI'"P, TEMPSTM(3) ,VEHIC(l0C) ,I:

£ ,V~09LAST1009OICflAT
rCOMMON/GRNO/HZ,HG ,H0 4
COMMe?!ti/POS/RPU;SIX ,miRSTY99UR'TZ
COMMON/INFC/POSX(IULFvOSY(£ajA,-)vx(10.),Vy(£§g),vz(1rý)
CHK=C,
WMT=VW/1hP
PRINT 813
H0B=Hn

3 CALL ATMOS (HoBTEJPIDENRHQTRIPRSS,'VCKER)
IFIKERNE.1) rO TO 5
IF(KTE'IP.EO.n) GO TO
DEN=DFN*(TH(3)/TE'PP) (51g.,*r7/TEMPS)
GO TO 7

5 PRINT gljKFR
GO 'TO 330

7 CONTINUE
TMIN=(6j,'%4(WT***4)flh1%.0
TMAX2=.9ý (W'fT**L.2)* (OEN**,12)

C DETERMINE THE THEPM4L YIELD (NEXT 13 LINES)

IF((±.5*RF2e.LT.HP) GO TO 15
C GROUND PUC'ST CONDITION

WTH=-.32*W*I. E12
PI=29*3,1t41b
CHK~i
GO TO 20

C
C AIR PUR'ZT CONDITION
C

15 WTH=(TcFF*W**94s)*I.E12

C 1K= 2
20 N=1

C
C 78 SECINS LOOP TO TEST EACH VEHICLE
C

78 IF(VEHIC(N))85,81O
80 N=N+1

IF(NGTII) GO TO 301
GO TO 78

85 rnMHP=G
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C VEHICLE POSTTTCN ANO SLANT RANGE TO ý?URST AT TIME OF ?NO PAX.
PX=POSX(N) +VX(N)*TMAX?
PY=POSY(N) +VY(N) #TAX?
PZ=POSZ(N) +VZ(N,) *TPAX?
0FLX=A8S (lURSTX-PY)
DELZ=BUQSTZ-PZ
0X=(eURSTX-PX)**2
OY=(?URSTY-PY)**2
0Z=(BURSTZ-07)**#?
DZZ= (PZ-HG)**2
SRR=SO.RT (O)+OY+CZZ)
SP50Pf (OX +OY+OZ)
SPM I=,; /5? 8L
SRCM SR*12*2. 54) *2
IF(HB*GT*5,j_)Ju) GO TO 1)ý

C
C DETERMINE THE REFLECTED THERMAL ENERGY (NEXT 15 LINES)
C

IF(HR.GTe33'ý]'v) GC TO 4ý
IF(CHKoEQ.2) rno TO 25
SPN=SO/RFP
PFE=ACOS ((PZ-HG) fSP)
CALL SETU0 (AAAlj1,3,I2,1Cq0q,-,Ct6
CALL MACURE (AAA2,SRNPFE,0, j,%aLERGANI)
GO TO 393

25 XRO=PELX/(HP-P-G)
HRO= (PZ-*IG) /(H9-HG)
CALL SETUP (P,,,~2,JJZ~
CALL MACUPE (91-XOW~~~gu''L~GM

30 TYPE=l
CALL TRANS (TYPE, FZSR,SPRqCHKTQ)

U REFLECTEr' THERMAL PLUENC= IN CAL/CM2 FOR AIR OR GRNO. PUOST
SRRCM= (SPR12**2.9514)**
QR= (WTH*TR?*RHO*-At,)/ (P I*SR PC 9)

140 TYPE =2
CALL TRANS (TYPEPZSPqRRCHKTO)
QOFF=(WTH*Tr)/(PI~cRCII)
ODFFUN=dTH/(OIOSRCA)

C DIREk^T FLUENCE (CAL/CM2) NORMHALLY INCIrENTI ON HORIONTAL RECEIVER
Q0N=0OFF*(ABS(P7-HEF)/qR)
IF(PZ.GT.i3Gj03ý) PRINT 865
IF(DELZ,GTo.) GlO TO 51
QMHR=OR+flON
IF(VTHERM.,GT QMHR) GO TO 50
VFHIC (N)=:
PRINT 860,Nj)MHRVTHERN4
GO TO 150

50 IF(VTHEPM*GT*OOFF) 6O TO 159
VPHTC(N)= 9
PRINT 86dNQOFFVTHEOM
GO TO 150

C
C COMPUTATIONS FOR HIGH ALTITUDE S'URST (HCB50303 tFl)
C
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100 TF(PZoLTsr2C3G) GO TO 12C
QflFF=WTH/( PI~qR(?'M)
lDFFUN=0DFF
Q9N=Q0F*( ABS (0Z-HP)/SR)
IF(VTHERMGT.COFF) GO TO 15q
VEHIC(N)=O
PRINT 860,Nt,-,FFVTH-ERM
GO TO 15o)

12u. CALL S~rUo(TQV1,1,2,3 9-ý90'9
CALL MACURE. CT9V2jHOOj,;,..qti~i¾OLERFUV)
ST.HET= in-P7)/sq
S ST H =S7 id r;E
R=9987./STHET*(i.-EXP(-4.55E-'*(HQ-28C"00,)))
IF (PZGT,28]L. ';O TO 13ý1
R=R+31746./STHET*(EXP(-3.I5E-5*PZ)-oLL)

1-5*P) ) *SSTH
QOFFUN=WJTH-/(PI*SRCP)
QON=OOFF* (Fý9-PZ)/SR
IF(VTHE9M.GTr,nOFF) GO TO 15Pl
VEHICUJ) =2
PPINT 863,NqOOFFVTPE9M

i50 IF(IODAT.Ef).1) Go TO 25n
POfINT 37ý,N
DRINT 875,OOFFUN
PRINT 88-,H9,qRMI ,TMAY?,O0FFPON
IFl.HP.GE,3C(,-,) qO TO 250l
PRINT 890ORO,904R

250 N=N+i
IF(N.LEo1T) 6O TO 78

300) CONTINUE
BA0 FORMAT (IX*--AýO SUnROUTINE ERRCR NUMBERFtP)
810 FORMAT (tHJwlX,'*RESULTS FROM TMrR!IAL EFFECTS Cn~MPUTATIONS*i

860 ORMT ~Hqx.#- -~JHICLE NU'mBR II3, HAS PEEN SU3,.ECTFO Tr TH;
IRMAL FLUENCE OF*,/,i1.VFj2.4,*(CAL/CH4*2) ANO HAS 9EEN REM4CVEC FO:
2M THE PfROGRA4*9/,i[Xl'----THE THEPMAL VULNERAPILITY LEVEL !S#,FID

865 FORMAT (iL4X,*(USER WANING-RrrEIVER AeOVE l'G KFT--THEPM8L VALUcS
iCOMPUTED THIS CASe. HAVE PEEN SUB 'ECTEC TO EXCESSIVE ATTENUATICN,)
2)

870 FORMAT (// ,qXq*TFE9MAL EFFECTS PARAMETERS FOP VEHICLE NUM'3ER*,I3

880 FORMAT (iH~t9-A,51)HFIGHT CF 9URST (FT)
I qF~o.4,//,:LP,5-hSLANr RANqE AT TIME OF PEAK RAOIANT POWER (MT.
2 ,FlJ.4j//,iJ'<,5CHTImE TO PEAK PAC18NT 0OWEP (SEC)
3 jl,F1O//,11XSrH9TRFCT FFEE FIELV FLUEN"El (CAL/Cu?)
4 ,Ft).t4,//,)X5,5jH3IPECT NCPMALLY INCIDENT FLUEHCE(CAL/CmP)
5 ,F12 L.,.4/,IOXOj(NORMAL TOA LWN HORIZONTAL RECEIVER)*)

890 FORMAT UH9X5HRF~ýE PLUENCE (CAL/CM**?)
i. 71Fzý." //,iCX,5"HEFLECTED + DIRECT NOR4AL FLUENCE (CAL/CM2')I2 ,Fl1o.L./,i0-X,(CCMPUTEC ONLY IF eURS` '-ELOW RECEIVER"~)

875 FORMAT (1Iij,9Xt5lHUNATTENLATEO FLUENCr (CAL/CX2)
I ,FIC-.4)I. END
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SUPROUTINE TRIPNT (KC'lSP)

C SUBROUTINE TRIPNT CALrULATES LIMITING ANGLE FCP FTIULAR REFLECTIO
C AND PREDICTS WHETHER RECEIVER IS IN OR OUT OF THE FUScE3' SPO'ýK
C PEGION
C
rC ROUTINE REO)UIPEM1ENTS-'
C NUMcROUS PARAmETEDS FORM1 MAIN RCU-INE THRCUGH COMMON
C CALLS SUI03OUTINES SFTUP AND MACtiRE
C
C CALLING SEQUENCE

C WHERE-
C KCASEmi FOR OV:ERPPE'zSLRF SOLUTICN
C 2 FOR TR~TPLF POINT PATH SCLUIION

C 3 FOR RANGE SnLUTION
C

C CALL TRIPNT (KCASE)
COMMON/TRI/P',PGfP, PZQ,4PGRPPR, SRFR ,SREALPlE-RALP1E,9

COMMON/G;!N0/diZHGqj 4
CO MNON /SEcNS / CF S
COMMON/COLJ/CFiII(2) ,CF2? (2) ,CF33 (2) ,CF44 (2) ,CF55 (2) ,CFD (65) CFI (7)9,'
i CF2 (7),9CF 7(7)
COMMON/TA9/ TA~lI(Eg9),TAEPlO(6R),TAB2I(62),TAB20(F,),)TAr33I(E9),
t TAB3C(69),TA0LTI(A),TA93L.(18),TAB5I(25) ,TA-35O(26),

2TAI61(69), TAFr-J 69)

COHMON/CON/UL2(7) ,UL3 (8) ,UL4..(8) ,JL5 (5),

2 CI2(8),.P2(3),P3(ý~),AE('41',ArF(13),CF(t3)
COMMON/PNT/,RASTOPHIRSH0,STXKKALTSRGHTXKKX
COMMON)/OVP/DE-LP,0E-lPD,flELPRCONTNIITXITE¶-
DIMENSION AL0HA(41)?I-jrO1(5,3),IO(?8)
DATA(IHF~l(J),J=6q1C)/5-^H TRIPLE POINT PATH SOLUTION

DATA (I0(J) ,J=l,2Q)/?uSR,2HHZ,2HHG, 2HP8,1HW,3HTSA,2HFR,*ZRSrV,
i. 4HDELP, 3HPMV*3H~O0,E-HS9ELP, LHROA-%lIRR4HALFA9,3IS!-E ,5-HALP1E,
2 3HSTO,2HRA9, 2HST, 2 HHTSHPCoOPL.HPCMV,LtHP9Cn, 1H9,H!:HOZ,3HSS?.,
3 3HCFF/
PGPB=PG/PD

SPS=ALT~pn'RW F
SHBB=ALT/W*. 3333
IF (SRB93.GT.2.5) GO TO 9n
IF (RLT.ALT) GO TO 1
FR=1.6
IF (SP.Ef2.'.) Go To j
XK=APSHZ-H9)'/e3R~lCl 90)
GO TO 6

5 XK=0
6 TF((AnS(XK-1.))*LE*.,.L2) XK=i.TO

IF (XK.Lc. 1.0) GO TO 18C
GO TO 151

R90A P=ALT*#PBP~W
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CALL S~rUP (TAB211ti2i62i%',cqGVu,3)
CALL M'AGURE (TA92OR3ARC ,0j,t3, 0 ,LERALFA)

tALFA=P*
XI=XI+J.925
IF (XI.GT*1.')) XI=1.3
nELPG=PG/X P-PG

2n SflELP=Dc-LPG/ DRP~q*LA
r)j5FLP=-9E-LPG*ALOG (Pr.OP)/I(PBR*PGP9*"ALFA)
K=1

IF (SOELCD-CFS) L.3,3r,?('

3V PPP=CFl1(K)+CF 92(K)*LOGIý-(SDELP)+CF3-'(K)*(ALCGi3(S0ELP)**2)+CF44(

iK)* (ALOG1,. (SOELP)4#3-)tCF55(K)* (ALOGIO(S0ELP)*4~i)
RPAR=13.**PPP
AA=VLOGi03(2. 7i82ý)/S1;ELP
8P?2,4A LCG V (S)"-LP)*A I
CC=3.*(AL0')j(SCELP)**2)*AAa r4. (ALOC-1' (SOELPP~)**7AA O

OR8AR=R1AýAL0G(il.)*P2PDX
CF4=0*
00 50 IT=1,6
IF (P.PAR-CFR(IT)) 69,50,5g

5'J CONTINUE
1I=7
CF4=-.'j38

6"SmF=(V.FI(TI)'*R9AR+CF2 (ID))*R3AP+CF3(II)+CF4+*AL0G13(R'qAR)
CAPD=2.*Ccl(ll) *R9Ao4CF2( II) *CF4*ALCGIA. (2,718?P)/RIAR
CAPQ=CAP0*OQ-ýR00FLP
ALFO=ALFA
ALFA=(SMF-ALF0'*CAP0!)/(1,-CAon)
IF (ABS(ALFA-ALFC)-.0 1) 7317n921

70 ALTSRG=i4LT/(R4R(W/P'R)**.337%33)
IF (ALTSR6G.GT.1.3ý ;0 TO 8:

AALPHA (J) =ACOS (ALTSRG) *57 .20,-
IF (ALPHA(J).GTAiE(J)) CC TOJ 120

31 CONTINUE
9" IF (KCASE*N-E,?) GC TO 1(u

INC0O4P=1
ORINT 23", (IHrf1(JKCASE) ,J=l,5)
PPINT 213
PPINT 229,48
R FT URM1

139 FR=i.0
IF (XITER.rT.i..O9,N11'.GTr.l) GO TO i11

IF N'(4RS (XK-1,,) ) *LE. ;2) XKi.,
IF (X4,UL&.1z) 'ýC TO 1,80
GO TO 153)

t 2ý IF (J.NL.1) GO TO 1-7q

GO TO 140O

i PHA (J) + A L 'HA (J- I) )ýAI c (J))
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1 7 11 uPlEr =LP IE/ 7 . '196
';i?=ALT/COý( ALP1Eq)
J7 U(CASE*EO.2) GO TO 18C~
ALI P H I= R q '2
:F7 (H7'.EO.-P) 10 TO j7G

-F ( S (KKLE I.)) *LE TO 9 1) K

.i); P1 N T 2 4 ý Y K
1)F? I NT 251,IDVc) tWIO(1),ELP

P1RINT 26-1
-~LPDDELD

C',11T=Cf4OT+19
,RT.NT 270

( K K=>'

;T U TRV~

xK=6SN (XK)
!F (H7*LT.4F!) ALPHI=IALPHI-Xy
IF~ (H7,GT.Hcl) (ALCH'4ALOHI+XK

17.ý !1UPHTP=ALPýI1-LP1FP

: NL ACUOE (TO3409 L:2HrP i v i-,0,0, OvI LrPHIR)

zA=APS (cA)

7F (XKKX.CGT. tpO TO IQý

CALL SETUP r~I,,,&L,1t,,0
CALL IArURý (TA15), S-19 , , L,.. 9 , 0 LeRi FP)
::F (SHB*LT.1.5L.) CO Tn ti~n
::F ((qR-RA).LTejji) GO TO 191

F'R=2.3-3-). 025*P3AR
11 . (KK=X K
190 RETURN
C

2vO FORMAT (1H1L4r7,x5AiCv///)
211 FORMAT (iHJ,///,L.9Xv3SHINPUT CAPAPI:1EPS ARE NCT COMPATI8LE,//,4BY

t3'.HFO-n THE T?I 0 LE POINT PATH SOLUTICNI
220 FORMAT (1H0,L47X,5HHtJ= iPFit2s5)
24ý cORMAT (38H ***ARr, OF ASIN MX OUT CF RANGE, X:gE16*80////)
2rV rORMAT (1HO,22X,2(4Xa6qiFEi2.5))
260 :OrRMAT CY///
271 cORMAT (IJ'X,6FHTHE TNPUT GIVEN IS TNCCMPATABLE WITH A POSSISLF PH'

ISICAL CONnIT10Nq//qjjXq3qPTWO ALTERNATE SETS CF OUTPUT A.QE GIVEN-
7/914X,61Hi-PECc-TVER OIPECTLY ACOVZ CP P'ELOW THE SRUPST DEP7NOING 0'
3 THF,/,16X,'37HINTTIAL oprINTATION OF RECEIVER WITH REcSnE',T TO THE
4B~3v/14~42T- ALTITUOFJ AT wWiCP4 THE QESIRED f7UcST OR OvEFF

END

88
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SUBRROUTINE TRANS (TYP79PZSRSRPCHKTT)
COMMON/TABTH/ T8Wi(l2),T8T1(I.2),TnT2(12),
IAAAI(22),AAA2(t.2J)9091(39),393?(38-),T[-V13),TPV2(9)
COMMON/BIT/ PO,'JI~qPHr',7H-
COMMON /(GRNO/ HZFgHVq,HW

HL=HG
E1=EXP (-4. 57E-q*ZH)
E2=EXP (-4. 97E-5*P7?)
E3=FXP (-4. 57-7-5*ZS)
E4=EXP(-4.57E-5*HL)
IF (TYPE.-EO.1) GO TO 530

C COMPUTATIONS FCR DIRECT TRANSt'ISSICN (NEXT 2q LINES)
C NON-COALTTLTUDc CASE

,CTHETA= (PZ-7S'Y/SR
IF (APS(CTHETA).LE*.I'i) GO TO 30C
IF(HB.LE.ZH) GO TO 5)
IF (PZ.LE.ZH) GO TO 25

f TP=EXP(-..j85/0THETAJ*(c-1E2))
GO TO 1VO

25 THED-~4S/VS*Z-Z)(2E)

Wo TO 110
50 TF(PZ.LEo7H) GO TO 75

THFFO-64(ISC~T)(3E)
TR=EXP(.087q/CTHETA*(S1-E2))
GO To liJ

75 TH=EXP(-I.6.4/(VIS 4 CTHETA)'-(E3-E2))
TP=1.

GO TO 1ThC
CCOALTI.TUJOE CASE
3^.10 IF(ZS.LE.ZH) Go To J?5

TH=I. C
TR=EXP(C(-4.E-F)*qR*FXP ((-4.57E-5) *ZS))
GO TO W10.

325 THEP(75-)S/ISEP(45Ec)P)

GO 'TO 1jg8
C COMPUTATIONS FOR PEFLECTED TRANSMISSION (N'EXT 18 LINES)

8110 CTHETA=(DZ-HL)/SR-?
IF(ABtS(CTH;7TA).La.*,,31) GO TO 950
IF(HR*LE,7H) GO ""O 851
IF(PZ.LE.ZH) rO TO 8?5

e GO TO 9,,3
825 TH E P -o 4V S ('-i ) ý7P(i,/%'S C H T ) (4 E)

TR=E`XP(-. iS75*(Ei-E3))
GO TO q9~i

850 IF(PZoL=*7H) GO TO 875

TR=EXP(-*,B75/CTHETA* (Ei-E?))



GNE/PiI/72-3

GO TO qJt0
875 TH=EXP(-16.4/VIS*(E4-E3))*EXP(-16.4/(VIS*CTH4ETA)*(E4-E2))

TP=Io
q-39 XXWl=2.3*PO*A9S(10**(-E.1E-5*Ht)-13**(-6.iE-5*ZS)) -2.3*PO/CTHETA*

GO TO 1380
950 TT=0

RETURN
C FIND TRANSMISSIVITY FOR INFRAPED (NEXT It. LINES)
C
i08C IF(CP-K.EQ.2) Go To ijqg

C GROUND nURST CONOITTCJN (ASSUME 30iIC BLACK BODY)
FV=. 1
F IR=.*q
CALL SETUP (TPWi,1,2,12,O ,lqGju,0)
CALL MACUPE (TBTIXXW,0l,d96,O,*J,,LERTW)
GO TO Ing';

C AIR BURST (ASSUME 6ý0?pn')
1990 CALL SETUP (T8Wl,~2,t2,Cj.,OO,0,)

CALL MACURE (T9T2,XXW,,9,o0,Oq~rLEPTW)
FV= o ; f
FIR=o5b

C FIND TOTAlL TR!ANSMISSTVTTY
1095 TI=FV*T9TH+FIR*Tw*(,7+.3'FTH)

END
SU9RO1ITiNE MOTION (NSFVSRHZIDTSFRFLAGSEFDTTHZSAVSFPDTINT

IC)
COMMOt~i/OOS/R, CURSTX ,'U 0STY,93URST7
COMMON/ G~qD/HZ, HG ,qn,14

COMMON/BTN/POSX1, POqYt
TT=TT*OT
POSXi=POSX(N)+VX(N)*TT
POSY1=POSY (N) +VY (N) *TT
H71=HZSAV4-V7(N~)*TT
IF (HZt.GE.HG,) GO TO 1A'O

130 SPSAV=SR11jrJ.
DX= (POSX1-BURSTX)**2
OY=(POSYi-qURSTY)4*2
flZ=(HZ1--lURST7)**P
SR=F00 T(0X+CY+C7)

C FIND PATE AT WHICH SHOCK FRONT IS CLOSING CN VEHICLE TN TIME OT~,
SEPD=SRqAV-SFP
SFP=SrV#TT

DSEP=A8S(SEPrl)-A9SSErnDT)
IF(OSEP.GT.0,) GO TO 12P
FLAG=FLAG+I.

120 IF(SEPiJTouT*.J.) GO TO 130

RFTUPN
130 VCLOS=ABS(JSEP)/APSV1T)

DIrSEPOT/VCLOS
DT1ODT
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BLOCK DATA
C
C RLOfrK DATA CONTAINS TAPULATEI VALUFS t.SE'J IN IhE 4AIN PP.CGRAH
C AND IN SUBROUTTNPE' TR'lPNTDLASTl, TRANS, AND lThERM
C

COMMON/TAqTH/ TlWt(12) ,TPT1(12) ,T'T2(!2)q

COMM~ON/TRI/rPZOGvPPq PZ~,PGRPE-q, S~jFR ,cREALPlERjALP1%j
I RqnlPBPZRtPn0W
(',OMMON/TAB/ TAalI(E9),TARIO(6,9),TAa2I(6?),TAB2P(62),TAPe2T(F.),

1. TAF83O(E9),TAEPL.I([8) ,TAB34O(18) ,TA3SI (26) ,TAD 0(26) ,

2 TA36I1(69),TAB ED(5c))
COMMON/CON/UL? -(7) ,UL3 (8) ,UL4 (q) ULS (5)9

2 C12(8),P2(8),P3(~3) ,AE(41),ACF(13),CF(i3)
DATA (TA31T(J) fJ=1,69) /
1 .U5L .7,6259 W517 .3875, .13jq .1259 .15%, .1751, .2ý ,

2 .225, .25q7 ,?75, .3%,g .3?5, Z350, .- 5 .4,t, *L5 1
3 .5 U2, .55j, .,Le .6F0, .7 J - . a57 5 .j9 * , c 82 q. 90
4 .95;, 1*)O l 1Q1o C51 lo 221g I. 3c;' 1.492, 1. c 1, S11.8229 2 .L' ,
5 2.226, 2.4bi, 2.718, 3.~1[.4 3.32-% 3.669, 4.1051, 4.4"?, 4i.9579

6 5.474, 6.351, 6.686?, 7.339, 6.166, 9.L259 9.974ti,1,%3,12.182,
713.464 ,14. 881,16.445, 18. 17 23-. 08E,22. 198,24..r32,27,it3,29.96L,

DATA (TA11C(J) qJ1,691/
1172CC., A. 424[,., 249r., 1,6r)., 9L0,, 54c., 36.~., 246.,
2 186., 144., 1J7.9 88.8, 73.5, 62.7, 54.5, 46.6, 36.4,
3 29.3, 214.1, ?0,2t 17.2, 14.8, 12.9, 11.39 93.9, 8. ~,
4 7.9, 7.0, 6.2, q " 9, 4.1459 ~. 87 3* '.7 2. 85, 2 . 4 ,
5 2.10, 1.85, 1.62, 1.43, 1 .-7 1. 12, ,%, .87, .7 7,
6 .6F9, 1 .61 .519 .47, .41, .369 .329 o.28, .*2E5 2,
7 .2229 .1959 .174, .156, .139, .124, .113, t.lXt .6911
8 .U83, .- 755, .,6q, ..63s .,5749 .- 333/

DATA 1AR32T/
1 u.*,.*19,a2 ,
2 . 3C 9 .359 . 4 ., .45, . 5 I, .559 .6--9 .1:5p . 7 . 759 .8"s Rczv .9
3 .95t i.09 1. 5, 2 .C 2.5, 3.3, U-3.5, 4.C, 4.5, 5.01 5. 59 E.3 b5,

, 7.0 595 1,3 8.5 9J95, Id 1',: 9 3. 9 25.,9 309.,t 35.,9 4 .,1
5 45o 9 5r *1 51 5, 9 6 * 65,j 7.: *, 75.,y 86., 85., '93., 95 eq13 ., s * I

DATA TARV3/
1. .02f,1.36251.1259

6.5211, .52-Ji.5193,.51393,.517!t,.5163, .515uto 5lcC, .5l23 p,4O91'9.4943,
7.4920, *4199% *4~3-0 , 48',1/
DATA (TA941(j)lj~lll3)9(TAq4D(J),J=1918)/

i C 1 9 5.0, 11' It 1.u? 21*-, 2r5.:, 30.0, 35.39 40~ 45.-t~
2 5C.~jl 6Lt..u 730,Cl 81.ý 9Wu .'11..121.99

3 GoL .3, .25, 0,.5C, 10, 0 7 2 13.5, 5,0, 7., 9.,r~
4 12,5, 20olt 28*Uv 36.5, 45.3, 54.5, 63-71 72. ,/
DATA (TA'n5l(J),J=i,25),(TAR5O(J),J=1,26)/
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I .*). U.19 la?t C.3,9 n.4, L*59 o96 9 u*7, 1j. 8 9 0.9,

3 2.0, 2.1, 2.2, 2.3, 2.4, 2.5,
4 1.581 1.62, 1.75, 2.C29 2.?qq 2.909 3.1 4.3, 5.70V 5.469,
5 5.561 5. 37, 4.451 3. rl 3.d8, 2*4S, 2.12, 1.86, 1.-65, 9.

6 1. 3c!, 1. 7c, 1 .16,v 1. 08, i. L"3 
i.PoJu/

OATA (TAqST(J),J~I,641/
t .05-,j . 5 o-75, .-18759 ei-'), .1259 .15C, .17?5, .2C-,
2 .22 q, .2 5, .2759, '! C, *. 3259, 2 50, .3 7 5, *4 ., 9 .45 ,

4 .9rc, .C 1.1CS, 192219 1.35^% 1.4929 ,EL9 1.822, 2.I1,
5 2,2269 2*46~, 2.*71S9 3.OC4, 3.72n, 3.6699 4.ý559 4.4p29 4.957,
8 5.4749 6. u5, 9 ,66 7.--'899 8.1659 9 .C2 5, q. c74,11.'j23,1?.le?,
1/3.4494 oL*, '-'&.45, ý.174,21.G86,22.198,24.53?,127.113,29.96L.,

9ATA (TAq6C'J) ,J=1,6¾)/

3.14lu5t.169,. 9.25,213,21.2?,3 4 .'4.C 4 1
4. 4371C 9. 4 7~4 L- .5559 .6469 .7499 98641 *S94, is.14, i3 ý
5 1.48, 1.65, t.ql.,p 2.15, ?o4.39 2o73, 3.7*7 3.45, 3.969
6 4o32, 4.83, 5.4ot 6o,.21 6.71, 7.479 8.?2, 9.25, lGo299

8 2 12 . I I 35.55, '49o36P 44.1-7 q - k

1 AT OP.L3(J)tJ=1,97 /.3 5 .5o 'q V q 4 q s 9 ,J.C/,-e/

2AT (UL4(J) p v7

DATA(C ~ JI,)(6J9~t)(7Jt=t~ (C4R(J) ,J=1,T)/

2.i67CF6, .16cý?, .J724,.145 P.u217 49 t.17184 79.27 2't44,

12.O443,3.q?798,3.22,ip.944445,i.432P3',1.36465L',1..562eg,1.c,
21.1538461-6.'2972,-1.,?143,-3.o.05556,.6i8421,.15,657,-.Cli'82769,-3.
3, -.003846,7.1 ,43 .03571,6. 21944t-,-i.8076,-. ?654667, .e224Z69,0 .0,

OATA (P2(J),J=1,A),(P3(J),j=4q8)/

DATA (AIE(J)qJ=194i)/

2 4004.,.74.,134i64 ,?44.,31,43.r,,44.0,44.5,
3 5 96.94.14.rtq55- 5.3p4. 3v6 v5 8."] 6u .5961. 5v67.59
.4 74*flpqf*fl/
DATA(cF(J),J=1,13j/1.;,.98,.96,.917,.P3,1.66,,479.343,.265,
± 2i1,.175,.143j0./
DATACACF(J),J=1913)/2500u.,50.#l,p625'.,~750j0,-r87530O.,lJ1030.,

nATA (T8WI(J)qJ1,1l2)/

DATA M% T(J) 9J1,i92)/

92
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flATA (TBT2(J) 9J~lp12)/

DATA (AAA1 Cd) ,J=i,2?) /
1 2.0r.Ou U' 3E +0 , 3 . a ;GL 1 -+ , 5 .r iC C CE + 7 ,5 3Cj L E + 10, 1 00G.O:CGOE + -n

2 15COIE+j1, 2* C rV3E.+U'i 2o SC( !ýE+Gl, 3, J01 CE+"I, £4, COO CE+1, I

rIATA (AAA?(j J1= 1 6 C ) /

2 1£96SP4r.-Cl1 I6P)- 1,5a6)C;:-G, i.3914C.E-01, I1.15 j3 ýF - 0 1
3 i.98AULE-Jly 1.9RF7)1c-A, i.19837-E-ji, 1.9552LE-ýIq1, .q~91 E-Ol,

7 7.6883)3-JI, 3.5741I)-019 1*284'3.F-01, .I3!- 2.4064%'E-019

I l*8P2P3JE-01, 3.972-8Ci-f(i 8.5!c72I'-)I, 3.59>E-ý21 2.' 7L.E-32,

1.8777JE-01, te2a.52J7-ýA 7*62201ý-O-co 3.756qJ.E-J2, 2.i5OjCE-0?,

OATA (AA42(j),J=E1,12 ) /

3olj3E3. 4.36]E51 3.99l?6.E-G, 3.3377'ý.E-Jt, 2.56207E-3i,

8 1.8637.,E-01, 1*1ý12J.-Aq 6*70Fd' 2*461'.E-r32, 5,P5GE-121
3 4o0.Sa%9J-i,46 2J-1, 4.14qr,-,3993.0-Gi, 35 77,. E- Lt, 2, 6 Iq .*.E- u1

6 1,8s572jE-Jl191404]8E-n, 5.812!u)E-O29 1, v7 3: . E-02;et , 2.10 3' OEu

3 1408Q,9~3= ,1 496?32Ji'1,1.fO'C.1, 3.42. OACE+;l, 2. 6 2" .E -u I
T. 1-85123E-01, J012Ck31F.ul 5$4?6U~JCE*Jq1, (..2GC~E4ý9 *JId,-

S i.9r0)ETOUI, 4.719337-31# 4.2O860E-OC, 3.ilL-1 26.O49CE-01'
It i8.O5Ct)'E+', 1.)(,jE'54 .2O"E-O'l1,476.[3E-02, i.0;!CE+O1,

DATA (31?(J) ,J=1 9 39) /
1 i.C 1K*X i*O.CCOEG, 1.6L.32A-]i, 3*000.-LE+10, .~JE,

2 ~ ~ ~ ~ ~ ~ ~ I ICE+jE12 1.qfl-,45Lh~~,66O.-1, 1 .12 CE-+Ci,

3 i*4uV7u-r.l, 1.!1CýJE+O2, 1lo.1U93E4Olq 2*.0l'q5LE+IO, 2o5q4;0E+ml
4 i.,66)JCE+~Ol 3.I22UJF+uC, 3.7EL-.'JCE~ £SE+OO, 4 .OG C '.E+O 1,
5 re 93~Ji 25C3752J-Ci, 4.i963OCE-019 7#51- 3'E-Jl, 1*C6933E0E-O
6 2.6O9jjlE-U1, 2a 0t C F +C C ~.3 o" UE + l, 6.dJ j, E +0 C, 6*9C2jEE-O1,
7 8*OV'CIE+Iu, IsAj+1 i.4u..OOLE*+G. 1. 412 0E+ I19i 01.59" CE+Al

I lsC7.)uE-31, 4eq4~3EJ-O-i, i*431^uE-01, '...2qVE-31, .37"E-

3 ioi6733'OJE4C .i L)+~ i.4l2OLE4CC, 1*415-jE+3Qq 1.582OuE+0:,

7 l*16v,OJE+0U, Iin'2oparO3, i.756)uE$OC,9 1.799r'LE+OJ,. I*Sq23CE+O,"'

q 4.Vý)E 1 . 1 G S 0 94 W6 U3 -~ e .2 ' -i *22 O - l
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t 4,5670AE-Jl, c;.g6?-rc-rl, 6,V.BJCE-fli, 7.J37;rE-0i, 9.C825ALE-"1,

2 .4 0 Iq6GE1 2.J LflC-eu1, ?. 77 'JLCE-O1, 2.960 " 'E-3i, 720-17?U2E-Ql
13 .967ugE-51i, 4.E?7 )l-C, 5.263( E-Clq , 6.75..j.-61, go8.6 J~ICE-01,

~ .272E-~ 1u~EOi.132KuE+OC, 1.~41-ýCE+C3, 1.54279E4%.ý

DATA (I812(J)vJ=Otq91;)(

12 8 ,E 1.737dOE+00G, i.4o78,C ̂ %2.Eor, 1.49X14~ qi.7!iE+J,'1

2 1 - 4 '' 0E - I 1 2. JL.'1OJ4Kil 2.'iC3]Crtu, 2 .63 F -, ,--3, 2.E77C'rjE',

3 3.'O~-2 157 1tC-ult 5.26760')-02l, 6,35.QCt-, 8*603OOOE-Cl,
4 1.0%38?O2,flv I.FCO-2 1,7023'3E-CqI , 3 A I:'."E-M,j 21. 5 ~21E-':r' +,

6 '. 644.1jE- J'., I .71 .""J E-~2 L 81*. -F,2J OOE- 192oG] 'F48u-Q1, 1.8951JE-Oi,
2 ?.7370rE-01, 3 .3440j r I I1 4*6'8OtE-0I19 5*729PZE-J1, 8. 6 7 'Cl E- ý1,
593 q. 0j7~J-~j, 1 . 27Cj+01i2411CE+Jo, 1.4139.Z.rF),j 1*4863.,E0.G:

I.5 7 q t IOE-+)10 5.6uCjO'OE-21 67 - , C^jE + C , 1.95 E+ 'J U' 1*714'.OE+j

6 .8CJ-3,2.49CGJE-41, 3*4460jE-Oip 4*552%CE-jig , E.521JE-Oi

7 .265QOE-)1, 91.8 ý4771-O1, IoPi9)OE+OC, ts.g38LE+11, 1. 715 tE4Cj ,

JCEJ~ B. !CJF02 ql'',F-291,9%9451
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8 3* 033J ^E- 029 3,23JC~j Q9,0 3*3MOE-O2q 3 .4-2 CE- 02, 1 .57- 2OE-O2t
9 3.93~3C- E- 92, 4.37CC3C-12, r_.5609.,E-3.%, 7.17C,%E-32, i1i52~CE-919
T I v7140OOE- j1, 2o3723j!ý-21, .3o:3c0Oo-Gl, 3s88iXE-u1,5. 9E-J1

~ .i2EC,8.52Cr'-_%, 99P15JZE-01, i.123rE+Ju, 1.24iCaE+J..,

1; 693j,'- 7 ,4 U 0Ji-~1, 1 8*486'6E-'11 99966.-E-619I, 1.18 CE+IJ.,
S2.50 AP)E-021 2. 5ut%)-J!2, 2. P n 0 E-3 2 2.5JJ ý IE-J29 2. 6 i 7C-E- P 2
2.?2ý.u'E_-32, 3,Oq'3CJE-O02, 3..7EGGOE-3?, 4o70')rLE-j2, 7.243,?E-J'2,

S 1*064olE-9Jt, 1.477%~r31,-n I o9213C'E- G I, 2.419!SE-3i, 3. ~3 - ^ 0E -019

DATA (TBVJL(J)9J=.'1.8)/

DATA (T8V2(J)j,J=18)/
I.C8,.11J. .4v~lo4 /41P3

•/ END

SUBROUTINE ATMiOS (ZT4,SIGMA ,DHOTHETAOELTA, CtA ,'UK)
C
C CALLING SPEQUENCE
C
C CALL ATMOS(ZTMSIGMARHOTHETAgflELTACAAM!JK)

c Z = GEOMETRIC ALTITUDE (FT)
c; TM = MOLECUL5R SCALE TEMPERATURE (GEGREES qANKIN)
C STGMA =RATIO OF OFNSITY TO THAT AT SEA LFVcL

C RHO =DENSITY L9-SEC**2-FT**(-4) CP SLUrS-FT**3
C THETA =RATIO OF TFIPý"ATURc TO THAT AT SEA LEVEL
C DELTA =RATIO OF ORESSURE TO THAI' AT SEA LEVEL
C CA = SPEEt) OF SOUtV' (PI/5S~')
C AMU = VISCOSTTY CO'EEFFICIENT (Lf3-SEC-FT**2)
0

*C K = INORMAL,
C = 2 ALTITUDE G9-EATVý? THAN 3CC,030 FT.,
C= 3 ALTITUDE NEGATI'JE,
c = 4 FLOATING PCINT OVEPFLOW9
C = ALTITUJC GREATE_--ý THAN 3%rooC, FTr. AND FL0'lTlV4G POINT OVERFL.

C ATMOS IS CALLED 9~Y P)UTTHES qLAST1. ANC THcRM

10 a. 9 M.&:39.39j 8?202.9qov 15 i ~99 .481,
2 173194.51O, 251E3ý~ 2g9%75,5qr., 34,8t~

3 52934o_'80, 557742o7,9¾ E5eEI67*98il
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OATA(T'*3(T),1=1,ii)/
1 518.6889 799.938, :389.988, 508.?889
p 508.788,) 291.1839 299. 188 4,-r.-.88.
3 ?.386.1819 25G6.188, 2836.188/
OATA(SIGr0A3(I) ,t=1-,11) I

2 5.86773iiE-C'., 5.1r,77311E.-'L. 1.ý6qEE 9.392I51qc-059
:3 7.7658593F-139 5.5324877c--109 2.572b771E-'15/

I.-t,.%356616, .3. p 0*001645292 Z
2 -0.-924.6888, Ci. 9 M.U2i1q4%, 0.)1-97280,9
3 fG.0jS4864j, ).L2-3-' -,*ý31.9U24/
DATA Q / 0,.1187441716 /,RE / 2.8ý5S!31E 17 /9

I '- / 198.72 / PZ / 2116.2 19
2 fAMUZ / 3.7!72993aE-r,7/ ,RHOZ / 0,~3r'237E9 /f
3 THZ /51A.,388/
K~1
IF (Q) iO,3IU923

i.U K=3
GO TO 119

29 IF (Z.GT.7 3C2A,n ý=i
33 HPRTM= (PE/ (RFt. 5.

DO 40 M=1,Ii
IF (HPRIM-HPC'lN3U(if 50,6LC,43

490 CONTINUE
?1=12

& 1F (ALM (M) ) 7 ', 9 3,7u
TI TH M=TM ( ) +ALM (M) 4 W PkT H-HPQI 49E(M))

GOTO 90.
8.) TM=TMP~(l)

SIGt1A=SIGMtAB(M)*EXP(-(O*iHPRIM-HPRIt'2 t) ))/TMF(M))
913 RHO0PR1O7*SNMAl

TI4ETA=Tt1/TMZ
DELTA=SIGM.A.'THE--T.
0A=49. j2l77*S0DT (TM)

110 P,,rTUPN
c NO

IN



C
c SUnDOUTINE 41ACUR7 FX~rUT;7S AN N OTI.rNSIONAL TAr3LE LOOK~ UP
C WITH rXTRAPOLMrICN IF OFSIOc'D
C
C CALLTNG UCE

C CALL MACýUI,(ZXA1,XA2, \t.,XA(.,XA~,XA6,Ir,!R)
C WHERE
C ERqrýR COOr

C 0 INTEFPOLATION SUCCESSFOl.
C ~-1 OP I. ARGUMENT ExCF.EfS LImTrS OF THE TA9Lr

c 2 INOEFFNOENT VARIAELFS NOT IN ASCENCING OrDFR
C 2( 1)= F(XiYIZI) Z(I?!)= F(X39YiZi)
C 7( 7)= F(XIYi,72) 7(14)= F(X3,Yit72)
C '7( 3)= FýXlY2971) Z(15)= F(X31Y2,?1)
C 7( 4)= F(Y3iY2972) Z(16)= C(X3tY2pZ2)
C Z( 5)=~ F(XY7;q71) 7(17)= F(X3,Y",191)

r N 1) F X 0 9 2 Z(1 5 = F (X t3 t 2

C ?S )= FCXYlZ2) Z(20)= F(XLYI,'7?)
C Z( q)= F(X;!,Y2,?1) Z(?1)= F(X49Y2,7t)
C 7(1'6)z F(X2,Y2,72) Z(2?): F(X4,Y2,7?)
C 7(lt)= F(XZY3,7l) 2(23)= F(X4,v~qZl)
r, Z(12)12 Fo(2,Y3,Z-2) ZC24d: F(X4Y'.,j,?)
C
C

OTMENSION 7(l, XA(6), NS(51 hJ3?21 , ATIO(5), PNGPQUP5,~
iITOT (5)

NEXTRN=cY
.A (±)=XAI
XA (2) =XA?
XA (3)=XA3
XA (4)=XAL.
XA(S) =XAq
XA (6)=Xft
DO iC,~ I=19LF
L2=Li+NA (T)-
FOUND=O.
00 56 J=L1,L27

5 TF (X(J)*GT.X(J-1)) GO TO 10

RETUON
11 IF (FU9N.. GO. TO 51

IF CXA(T)-X(J-1)) VC,50)50
21 IF (J.GT*.LI) Go TO 41

IF (NEXTR.;70,r) t.,C TO 30
FOUNOD1.

r.O TO 51
30 IE=-1

RETURN
4j FOUNI)=i.

97
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N S (I) =J- 2
CONTINUE
IF (FOUND) 9j,6j,9C

E. IF CXA(T) -X(L?) ) iG3 .,703
7. IF CNLXTR'.NF*-.) GC TO 8]

FFTUP II
601 N'ý(I ) L2-1
q2 Ll=L2+2
12 C'ONTINUE
C IP! NS(I) IS THE SUFSCRIIPT IN THE ARRAY X SUCH THAT
C X(NS(T)) IS LESS THA4 THEf ITH ARGUMENT

K=Nlz (T)
RP TIO (I) C XA (I) -X (K)) ( X (K +1) -Y (K))

C IV~ PATIO Cl) T.S TIE RATIO OF X ARG, PATIO(2)=RATIO OF Y ETP,,
Iii C 01ThiTT'UE

NGoOUP(i1hNS(1)
NSUM=HfqCi)
nO 12- I=?9LF
NGROUP (I) =NS (I) -NSUM
NSUM=tJSUM+NA CT)

12' C ONT INIIE
C IN NGROUP(l) IS TPF SUgSCRIPT OF THF TTH VARIAPLE SUCH
C THAT THE TABLE VALUF IS LFSS THAN THE cflRP-ESPCNDING ARGUMENT
C THIS TS IN TF04S OF T"Ill VAR14PLE ONLY
C FOR A FUNCTION OF DE54EE NO WE NE004N- VALUER
C CPOM THE- 2 AIPAY

00 13,, I=2,LF
J=LF-Tis
I TOT (J) =ITCOT (J#1.) *NA (J+1)

13ý CONTINUE
C INATOT(J) I'S THE NUMPER CF LCICATIONS IN THE Z ARRAY NEEDE~D TC C
C THE JTH SUýSCDIPT

KF=2**LF
MW=-2
00 170 I=ItKF,2
IFIR7T~i
MW=MW+2
00 i6U J~lLF

IF (A~t)(MMmW).E').L.) GO To tL.C
IHON=NGROUP CJ) 41
GO TO 151J

140 IMON~tIGROUPCJ)

1.60 rONTTNUT
ISEC=IFIRST4ITOT (1)

WJ(I+i)=7C ISEC)
170 CONTINUE

0O 180 I=1,LF
KF=KF/2
On W8' J~iPKF



GNE/PH/72-3

t89 WJJ=J2JI+W(*J-J2Ji)RTOT
7 R= WJ%(1)
R FT UPM"
EMO

SU9tPOUTINE SETUP (XýN,N-TP,ý1),NAiNIA2,NA3,NA41,NA%;NAC))

C SUBROUTINE SETUP SETS UJP APRAYS FOR TABLE LOOK UP

C CALLItIG SEOUENCE-
C
C CALL SETUP(XNEXTRNONAINA2,NA3,NA'4.NA5,NAF,)
C WHERE
C X TA9LF OF INDTFPFNOENT VARIARLES

ONEXTR= 6 NO FXTRAPCLATTCN
C I EXTRAPOLATICh IS DESIRED
C NO NU49ER OF DTlVENSICNS (WHFN 7=F(X,Y), N0=I)
C NAt NO. OF VA~LUES FOP FIPST INCc:P;Jl0FNT VAPIABLE
C NA2 NO. OF VJALUrl FOR SECOND INCEPEN')ENT VAPTAPLE
C NA3 NO. OF VALUES FOR TýIPIr) TNEEPENOENT VARIArnLFi
C NAL. NO. OF VALUýS FOR FCURTH PN"ý7PENDENT VJ&PTAPLE
C NA5 NO. OF VALUES FOR FIFTH IN'EPENOENT 'JARIAtPLE

CNA6 NO* OF VALUES FOR SIXTH INCEPE40OENT VJARIABLE
r c

C
COMMON/TBLK(UD/LiLFNA (6) ,XL (IC. ) NlNEY
DIMENSION X(I), XA(6), NS(5), WJ(32), RA.TIO(5), NGROUP(5),

IITOT('5)

10 Xt.(I)=X(I)

L=NAI+NA2
0O 12 I=(,L

12 XL(I)=X(T)
Nt4EY~l'EXTR
NA (i)=NAI
NA (2) =NA?
NA(3) NA3
NA (4) =NA4
NA(5) :NA5
NA(6) =NA6

RFTURN
END

99
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Appendix E

A Sample Problem

Input Data

Visibility at sea level 10 mi.
WAter vapor pressure at sea level 8 mmHg
Albedo .20
j(a-e layer above sea level 10,000 ft.

Vehicles x,y,z Position x,y,z Velocity Components
Jft) (ft/sec)

1 x 3000 V 6000

y 0 V, 100

z 2000 V 0a

2 2000 600
100 0
1SO0 0

3 1000 400
100 0
ISO0 -500

4 1000 800
0 0
20000 0

S 1500 1000
1000 0
8000 0

Vulnerabilities

Thermal 10 cal/cm2

Overpressure ' psi
Dynamic pressure r psi

Height of ground above

sea level 1000 ft

Bursts x,y,z Position (ft) Yield kT Time (sec)

1 x 11,000 600 0.0
y 0
z 35,000

2 Targeted 10 1S.0
(spe a 800 ft)

100



-ti~tListing

------------------Vr-HICLF INITIAL CONCITICNS ------

VE HI C1. E P C SIT 0iN(X,9Y,'7) (FT) VELO I T YC(X,9YZ) (FT/ 5Fri~
A.J.'Lj 2j 3o.)1 6 CCC I

2 2,'C:. 1 7 6.r -C. 0 Ls

4. -. j 8r C. c -0o"Li

]tNPLJTP5?ITE,~
N01ý. OF nll#ýTS ErITEP2-1 Ilz
V"SII'ILITY AT SEAI LFVEL(MI.) IS oto
ILBLIO (G.ROIINC .;rFLc.:TA%4rc) 1t, ~ p
H20 vFapoR ~u~( LXVýL0'VH') Bw
S7AN9ADO AT0P4:v "EZlic'I"

------ vLHICV' POC1TTCONS AT TT'IE CF 1URIT NUI40CR £ ------

VEHICLE P0SlTIOIP(XY,')(FT) VELOCTTY(XY,7) (FT/SE-C)i
£ .K m'- 2 0'A~~ i ~ ~ v 0~j WC.

4 64 .

5 St~ 301A 1031 lIGGecO C.C u

------------------------------------------------

------ -- -- ------------- -- -- -- -- -- -- -------------

-- ---------------- -- -- - - - --------- --------------------------------

------ WEAPON PUPST COSI17IO4J!O qY USrl-----
NUCLZA-ý rITONATTON COORPINAI:S ARE £I.3140, * 3soo~so
GROUNr' H5ICHT 42OV?' SEA LEVEL= 163j..0 FT
INCFE~MeNTAL fi OF nUOST -. on SEC-

LOSSES FRCM PURST NUtMBER i 61noPKT)

101
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RESULTS FROM THER44L PFFECTS COMPUTATIONS

THFRM!IL EFFECTS PARAMETEPS FOR VEHICLE NUMER 1.

UNATTENUATEO FLIJ~hCE (CAL/CM2) 1.2.5574

HEIGHT OF 9UPZT (FT) 350_0,GL Jf

SLANT RAIVE AT TIMP OP PEAk RAflIANT POWcR (MI.) E.4t93

TIME Tfl PAK< RAOIArNT POwEO -SEC) o,4+

DIRECT FPT-c FIFL*J FLUrt4CE (CAL/CM?) 8*j913

DI~iCT NCOMALLY IIJCICENT FLL'cNCz(CAL/CM2) 7.8778
(NOR4iAL TO A OL4NF HOR17ONTAL RZCEIV'V')

THERMAL EFFC'C`Tý PAAMETERS FOR VE'-ICLE NUMIFFO 2

UNATTENUATEOJ rL'1ENCE (CAL/CM?) .12. '364

HEIGHdT OF PURST (FT) 35% )eo ý

SLANT RAN"GE AT TIME OF PEAK QAflIANT POWEQ (mT.) 6.5568

TIME TO PEAK RACIANT POWER (SEC) *44

DIRECT FFEE FIELD FLUcNCc (CAL/CML2) 7.5485

DIRECT NCRM4LLY INCIDENT FLIJENCE(CAL/Cm2) 7.3044

(NORMAL TO A PLANE HOk.IZONTAL PECEIVE-0

THERMAL ErFECTS PAqAMETEPS cO ýiEHICLE NUWqER0 3

UjNATTENlUATEC FLUEIICE (CAL/CM?) 1.1.6936

HEIGHT CF 3U9ST (FT) 350 ~, 0snl~

SLANT RANfGE AT TIVE OF PEAK RVAN POWER (MI,) 6*6522

TjmF TO FEAK ^-ArIANT POWPE0 (SEC) * 4444+

DIR~qT FRý:E FIELO FLUEFNCE (CAL/CM2) 7.2296
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DIRFCT NG'31MALLY t!NCID~-NT F LUE~paCE:(CALfICM2) 6 9411..
(NOPIAL TO A ~LA:Jf6 HOIZONTAL RECrIVE')

If!-*'HICL;E NUMýTP 4 HAS ýE~rN SU9JECTED TO TP;RMAL FLUENGE OF
L-o.734LL(CAL/CMAý') ANjj PAS IrLN ::E-mOVEO Fr-OM Th-E PROGR'aM

---- THE TH-A JUFAMT LITY LEVEL I~1~~Gu(ALC?

THERMAL FFFcCTS cAPAMTEDS FOR VEHICLE NUMqER 4

UMIATT-ENJUATE'n2 FLUENCE (CAL/GM2) 45.3626

HvFIGHT CF 9URST (FT) 3FOr. iýGui

SLANT RAtu.E AT TIME OF PEAK .RBOIANT PflW7E (MI1.) '2o3775

TIML To rA'( RADIANT POWE0. (SFC) 04444

9IRECT FPEE FIELDJ FLULaNCE (CAL/CM2) 43o~7844

3TRFCT, Nrn~.iALLY TIýU7IOLNT FLU7NCE (CAL/CM?) 36s8297
(NORIAL TO A PLANP4 HOr'I70NTAL RE0G-IVE'_)

- - -- VEHICLE NJ!IM9E: ' -03. PCEEN SUPJECTEr) TO THFRMAL FLUENCE 0c:
1514i1:_(cAL/rm2) Aý1 HAS 9E:EN ýPMOVED FPOM TI-E PROrRAM

---- THE TH1EP4AL VULNEPAnILITY L=V:7L Iýj luj. - 0 (CAL/rM?)

THERMAL EFFECTS PADAMETEIRS FOR VJCHICLE N0MBER 5

UNATTEN'JUATED FLIINCt-',E (CAL/CM2) 17*76b!

HEIGHT OF nU?'T (FT) 35t.LUC. oou

SLANT RANuE IT TIME OF PEAK PADIANT POWER (MI.) 593969

TI46 TO FTA'( RADTANT DOWE? (SEC) o4444

DIRECT FP-5EF FUcL3 ELUENCE (CAL/CM2) 159t4.13

QIRECT NCIMALLY It:CIDENT FLU-:NCL(CAL/-Cm P2 l1n34.66

(NORMAL TO A PLANF HROIZONTAL RECEIVEO')
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RESULTS FRCM !LAST EFFFCTS COvPUTATIONS

SHOCK FRONIT PVMZA•E03 AT INI'TcrT 0c VEHICLE NUMPPO 1
VEHICLE POSITION AT SHOCK INT'ERCEPT(XYZ) 21259. 3043.

ýECEIVER HEIGHT AT SHOCK INTEqCEPT (FT) 200,0Jur

SLANT RANGr AT SHCCK INTERCEOT (PT) 34691,5577

TIME OF SHOCK ARRIVAL (SEC) l5,2399

SWOCK FQCNT VJLOCITY (FT/qEC) 11910e9113

PEAK OYNAMIr FRESSUOP (PSI) 9d214

PEAK OVERPRESSUOr (PSI) o9085

PFAK MATFRIAL VELOCITY (FT/!C) 51s2153

PEAK OVERDrNSITY (SLUGS/FTF3) ,0•23

POSITIVE OURATION OF OVER)ENSITY (SEC) 2o7949

POSITIVE DUO.TION OVEP 0 RESSURE (SEC) 2.8494

POSITIVc OUUATION MATFRIAL VELOCITY (SEC) 3,4396

SHOCK FRONT CARAMETERS AT INTERCEPT OF VEHICLE NUMQEQ 2
VEHICLF POSITION AT SHCCK INTERCEPT(XqYqZ) 20268o 103.

RECEIVER HEIGHT AT SHOCK INTERCEPT (FT) i•00ooi0

SLANT RANGE AT SHOCK INTERCEPT (FT) 34758,4693

TIME OF SWOCK APRIVAL (S tEC) 15 o1488

SHOCK FRONT V=LOOITY (PT/qEC) 1141,5747

PFAK OYNAWIC PPESSURE (PSI) c,213

PEAK OV6RP•ESSUr (PqI) .9156

PEAK MATLRIýL VELOCITY (FT/S=C) 50,7852

PEAK OVEFJENSITY (SLUGS/FT*3) vO024



GtNE/PH/72- 3

POSITIVc nU:ýTION OF OVERnENSITY (FEC) 2 7 7 43

'rPfSTTTI/I DUq.ATION 0)VFP0:?ESSU~zE (SFC) 2, 829.'

POSITIVE OURATTOIJ M1ATERIAL VELOCýITY (SEC) 32*3841

---VzEICLE : NU,:D 71 qA INTEE-CEOTED
G'ROUNO LEVEL ANDJ HAS PEEN RE-OVEO.

- - - - - ------VEHICLE PrISITIONS A~T TIM1E OF 3JRST NUMnER 2 ------

VEHICLE PCSITI0N'pJYY7) (FT) VELOCITY(XY9l) (FT/ýFC)

------------ WEAPON DURST POSITIONFO BY SU'3MOTINF TAO'GET-----
THc. TA?G~rV /tICLEi Ic VEHI!CLE /0 1

GROUNP HEIGH-T APOV: SEA LEVEL= 1u'w sC PT
INOPEMFNTAL TIM:* OFf nUST= 15o-" SEC
BURST rTiCNATTCN4 AT 5P9.179FT FROM TAnGET VEHIECLE
NUCLEAR t)FTON~ATION. COO0INjArES A0F 12555.8 154E 29,

LOSSES~ FOCP BU~qT NIJMPER 2 ( u*CKT)

RESULTS P-,Om' THERMAL ;EFFZCTS COMPUTATIONS

-'- -- VEHICLE NUML.EQ 1 HlS QEc-N SUc3JECTEO 10 THFPPAL FLUENCE OF
Ii147,936(CAL/Cme) A~1C HAS 9EEN REMOVEG Fqo,1 THE FPROrAM

----THE T14-ERMAL 'IULNECAOIL'ITY LEVEL I" 10o juuu (CAL/CM?)
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1 HFRM AL ',.F FECTS F AcA107" FRS FOR VJC 41CLC- IJUM r,;P I

UNATTZE11UrfTE' rLU'7hCs (CAUfCM?) 12?.2aggl

1'WIGHT CF 91U:tT IrT) ES5G 326.2

SLANT RV*GE 4~T Tim-E OF PEA!( P'OIANT POWER (M10 098

TIME TO FZAV CAgIANT PnW--R (SEC) e1266

DIRECT FPCE PIEL') FLUtWNnr:E (CAL/0,M?)14796

DIRECT ý'C;<MALLY It4CTO-,T FLUENCE (CAL/r~m,') 422v7175
(NORMAL TO A CLANF HORIZONJTAL iECEIVc.)

REFLECTEC FLUrNCE (CL/C~442) o 3733

REFLECTFU + nTpcrT NC(PMAL PLUENCS (CAL/CM2) GeOULU

(COVIOUT':rl OILY 1v RU:;"ST ck*LOH RE-C'-.IV=":)

---- VEHICLE NUM7=- 2 H4",FE SU-,JErCTF3 TO, THFR10L FLUcNCE_ OF
59.84840^AL/CM?) A"D HAS 9EEN 2E40VED FROM THE PROGtDAX

----THE T"CE?{AL VUN7:'eLT LE-VEL iq 1,G.%C. (CAL/CM?)

THERMAL EFFECT~S FAl'AME7TRS FOR VEHIr.Lc NU~'-l'ER 2

LLNATTENUATE'1 FLU`EtlCE (CAL/C,42) 69.5182

HFIGHT OF RtJPST (FT) 2iq5*3262

SLANT RANG;E AT TIME OF PEAK RAOIANT POWER (MI,) ,40~82

TIML TO PEAK R~ADIANT POWER (qSEC) oi266

DIPFCT FPEE FIELL! FLUENCUC (CAL/0^m2) 988

DIQECT NC--MALLY INCTEWvNT FLUENCE(CALIrM2'1 lgo3¶56
(NOPMAL TO A ::LANE HO-ýIZONTAL QE'JEYVT)

REFLECTEC FL'JENCE (CAL/CM**?) e0Q664

REFLECTEV + 'IPEO"T N09MAL FLUENCE (CAL/CVX2)

(COMPUTEC ONLY IF 5UPST -ILO RrECcIVE?)

'RESULTS FROM 2LAST EFFECTS COMPUTATIONS

106
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